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INTERNATIONAL PASSAMAQUODDY

ENGINEERING BOARD

INVESTIGATION OF INTERNATIONAL
PASSAMAQUODDY TIDAL POWER FROJECT

APFENDIX 1
TOPOGRAFHY AND UNDERWATER MAPPING

1.01 PURPOSE

This appendix presents data on topography and hydrography
collected for the proposed international Passamaquoddy tidal power
project and its auxiliary projects. Marine mapping operations are
deseribed which were undertaken to provide data on the nature and
thickness of underwater overburden.

1-02 SCOFE

This appendix contains a summary of prilor studies, existing
data, new topographic and hydrographic surveys, and information on
subaqueous overburden determined by methods other than conventional
core borings. Existing information was gathered early during the
survey Yo serve as the basis for the studies to determine the most
- favorable tidal power project arrangement. These studies are de~
seribed in appendix 5, "Selection of Plan of Development.” Concur-
rent with these studies and guided by them, additional field
éxplorations as deBeribed in this appendix were undertaken for the
current tidal power survey., Information from existing sources and
the new data were compiled into a single series of maps which were
used as the basis for the design and cost estimate for the selected
layout of the tidal power project diagrammed on plate 1~l1., These
maps are presented in this appendix. Maps used to determine aress
and storage capacities of the pools are presented in appendix b,
"Basic Hydrologic Data," and maps used in tidal project arrangement



studies are described in appendix 5. This appendix also
describes topographic data collected for the study of
auxiliary power projects.

1-03 EXISTING DATA

a, General Topographic Surveys, Topographic surveys of
the entire region of ti idal project and its auxiliaries have

been conducted by the U.S, Geological Survey and the Canadian
Department of Mines and Technical ‘Surveys. Results of these surveys
are available in published quadrangle sheets, The U.S. Geological
Survey sheets have been prepared to a horizontal scale of 1 to 62,500
with a contour interval of 20 feet. The Canadian quadrangle sheets
?ave a horizontal scale of 1 to 50,000 with a contour interval of

0 feet. _

b. Hydrographiec Surveys for Navigation. The entire area of
the tidal power project has %een surveyed for navigation at various
times since 1866 by the U.S. Coast and Geodetic Survey, the Inter-
national Boundary Commission, the Canadian Hydrographic Service, and
British Admiralty. The results of these surveys, compiled as Hydro-
graphic Chart 801 of the U.S, Coast and Geodetic Survey, have been
used for general studies. Copies of many of the mamscript survey
sheets were used for detailed studies because of the greater mumber
of soundings shown,

¢ Investigation by Cooper, 1926-28. Dexter P, Cooper, during
the period 1923-559- surveyed EEe “pool areas and the underwater struc-
ture sites and made a reconnaissance of the approach channel areas,
Contour maps of the structure sites were prepared to a scale of 1 inch

equals 200 feet with contour interval of 5 feet.

- d, Investigation by Corps of Engineers, U,S, Army, 1935=37
As a part of the Passamaquoddy tidal power project started by ¢
Corps of Engineers, U.S. Army, in 1935, additional topographiec and
hydrographic surveys were made for structures proposed at that time
for the single~pool project entirely within the United States.

-]

@, Navigation Channel Surveys by Corps of Engineers, U.S, Army.
In connection with investigation of navigation channels within the
project area, the Corps of Engineers, U.S. Army, conducted local sure
veys in Iubec Channel in 1949 and near Clark Iedge, just north of
Eastport, in 1956,

12



f. Soniec Survey, 1951. In the summer of 1951, the Water
Resources Division of the U,S. (Geological Survey, in cooperation
with the Corps of Engineers, U.S. Army, made geologic and geo-
physical studies designed to (1) test the effectiveness of sonic
methods in determining distribution and thickness of unconsolidated
underwater sediments, and (2) discover as much as possible aboutb
such sediments in the Passamaquoddy Bay area. Eight areas were
surveyed as indicated on plate l.l. Only two of these cover strue-
ture sites of the plan of development used in this survey., Fathometer
investigations were conducted from a converted cargo boat, Horizon-
tal positions were fixed by sextant observations of previously
established shore stations. The sounding equipment recorded only
depth from the water surface which was contimially and rapidly
changing because of the large tides which prevail in the area. The
soundings were corrected to mean sea level by reference to tide levels
measured continuously at several tide gapes established for the survey.
Two sounding units were used. One was a special unit developed in
accordance with U.S., Geological Survey specifications. It emitted a
high-power, low frequency signal intended to penetrate the underwater
overburden. .The other unit was a commercial instrument of less power
and higher frequency which was used to determine water depths., De=-
tailed description of equipment, procedures, and results obtained is
contained in a brochure by the Water Resources Division of the TU.S.
Geological Survey dated December 1952, entitled "Preliminary Report
on the Passamaquoddy Bedrock Survey, July - August 1951."

g. Saint John River Survey at Rankin Rapids, 1951, The
prospective river hydropower site at Rankin Rapids on the Saint John
River, about 3 miles upstream from St. Francis, Maine, was surveyed
in 1951, Maps prepared at that time were included in an interim re-

port to the International Joint Commission by the International Saint
John Eiver Engineering Board.

1-0L NEW TOPOGRAPHIC AND HYDROGRAFHIC SURVEYS
a, General.  New topographic surveys wéfg made as part of

the field Tnvestigation in 1956-57 to supplement existing data and
to extend coverage to new areas conpidered for prospective development.
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b, Jferial Surveys, 1956, Aerial surveys were conducted by
Aero Service Corporation of FPhiladelphia, Pennsylvania, in 19%6,
covering the Canadian portion of the tidal power project and the
site of the proposed auxiliary pumped-storage project in the Dig-
deguash River basin in New Brunswick. Maps of both areas were
prepared to a horizontal scale of one inch equals hoo feet with
contour intervals of 10 feet. f

¢, Ground Surveys, 1956-57. Ground surveys were made by
the Eastport rield office staff of the Passamaquoddy survey work
group to obtain more detsiled information on specifiec areas con-
sidered for project structures, Also, this field staff performed
basie horizontal and vertical control surveys to correlate independ.
ant surveys within the projsct area.

d. Hydrographic Surveys. Limited hydrographic surveys were
made by the Hastport field office staff to supplement and extend
information from other scurces, Water depths were determined with

a Bludworth Marine Fathometer. Observed depths were adjusted to
elevations below mean sea level by adding or subtracting tides levels
prevailing at time of observation. The hydrographic survey boat was
located by two transits from shore stations. -

1-05 UNDERWATER MAPPING, FATRCHILD CONTRACT, 1957

8, General, One of the important features of the international
Passamaquoddy tidal power survey has been the investigation of the
foundation conditions for the deep tidal dams required. The high
cost of conventional core borings in deep water,with fast tidal currents,
- led to consideration of geophysical exploration. The sonic explora-
tion method was selected, particularly in view of the apparent success
of preliminary work of this type performed in 1951, The fieid explor-
ations of this program were plammed to precede the deep water drilling
described in appendix 2, “Geology, Foundations and Materiais," and
to provide guidance for locating the deep water drill holes. As a
result of exploratory conferences, the Fairchild Aerial Surveys, Inec.,
of Tos Angeles, California, was selected to perform the sonic work,

b, Scope of Work. The contract with Fairchild Aerial Surveys,
Inc., invoived mobilization of equipment and conducting sonic surveys
to determine top of overburden, top of bedrock, and to obtain and
interpret all data which may indicate changes in character of over-
burden in several separate areas in the project viecinity., Approximately
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100 range miles of profiles were surveyede Principal items of equipment
required by the contract included a sonlc exploration device of the best
modern technical design, electronic positioning equipment for determining
horizontal position of the soundings, and a power~cperated boat adequate
to perform the exploratory operations, The contract further provided for
development of contour maps, geological profiles, and a final report
ineluding comments on accuracy and relisbility of the results obtained,

¢e Marine Sonoprobs, Fairchild,Inc, used the Marine Sonoprobe, 2
reflecting seismograph, for the survey. This equipment emits into the
water a low frequency sound wave of sufficient energy to penetrate subafueous
ma.’c.erialss and measures the time of return of the reflected sound wave,
The distance of wave travel in the various materials is determined from
the measured time, .The manufacturer indicated that this device generates a
_sound wave with a dominant frequency of about 3,800 cycles per second at
12 pulses per second. The return wave is converted to electrical signals
producing a record on electrosensitive paper on which the vertical scale
indicates distance below water surface based on time of sound wave travel
in seqa water (I4,800 feet per second), During actual service, it was found
that the sound wave had somewhat less than 1,000 watts of energy and was
composed of a spectrum of frequencies of 900 to 9,000 cycles per second with
dominant frequency of approximately 3,800 cycles. About one~half of the
energy was conbained in a cone of 30° s0lid angle, These characteristics
restricted the energy of the input wave of the desired relatively low
frequency which would penetrate overburden and be reflected to the receiving
transducer., The electrical signals being fed to the Sonoprobe chart were
under constant surveillance on an oscilloscope which was limited to viewing
100=foot increments of vertical profile, This restrietion limited opportunity
to follow trends of more than one interface when more than a single 100=foot
depth range from water!surface was involved, The instrumentation permitted
the operator to arbitrarily: filter out a narrow band of frequencies for
recording without any record of filter settings. The frequent to nearly
continuous manipulation of instrument controls, attempted for the purpose
of improving and clarifying the sonie record, resulted in changes in
markings and shadings on the Sonoprobe charto These changes tended to obscure
the record of reflected sound waves.
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do Electronic Positioning Equipment. The technical re-

quirements for the electronic positioning equipment were estab-

lished in preliminary discussions and conferences for negotiation

of a formal contract., The MORAN positioning gystem, which was used,

permitted instantaneous location of the survey boat wi‘bh respect 'bo

previously established shore stations. The boat positions were

plotted on a control boat sheet by a mechanical tracking device.

Within the limits of accuracy of + 50 feet, the positioning system

permitted rapid evaluation of the area eovered.by the survey operations

. and thereby facilitated establishment of intermediate or additional
‘coverage as necessary while the survey boat was still operating in

one locality.

es Survey Boat., The survey boat was 26 feet long and had the
lines of a conventional cabin cruiser with a flying bridge. The hull
was of fiber-glass construction. A single inboard engine drove the
craft and charged the large bank of storage batteries required for the
electronic equipment. An additional motor generator set was added
when it was found that sufficient battery charge could not be main-
~tained during survey operations. The amount of equipment required
and the need for mounting it on tables loaded the boat in such a menner
that safe operation was assured only when tidal currents and wind con=
ditions were moderate to favorable. The boat also lacked adequate
power for the tidal currenits encountered even after the motor-generator
set was added to relieve the main engines of some of the battery charge
ing loads. Full power operation of the motors was found to generate so
much noise that it interfered with satisfactory operation of the seonic
equipment, Even under normal operating conditions the noise level in
the cabin was so high that an intercommmnication system with earphones
was necessary for commmnication between personnel on the boat., Normal
boat noise and vibrations affected the Soncprobe chart adversely by
1ntroducing interference which obscured the record,

fs Resulie Obtained, 4 large portion of the Sonoprobe charts
showed only one trase, i.e., the water bottom, The remainder showed
two traces, or two diverging traces, the lower one of which became
indistlnct as its depth below the upper trace increased, In no case
did more than two original traces appear. Repeated reflections of
the sound wave produced multiples of the original Sonoprobe trace.
These multiples were similar to the original traces but fainter, and
were ignored in the interpretation. wWhere two original traces appeared
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it was presumed that the upper one represented the top of over-
burden and the lower trace indicated the boundary between overburden
and rock. Where only one trace appeared, adjacent portions of the
Sonoprobe chart wers examined to determine whether a second trace
existed there and had merely faded oubt in the zone in guestion.

If this was the case, the material under the single trace was pre-
sumed to be overburden, Qverburden was also presumed if data from
deepwater drilling operations (appendix 2) indicated its presence.
Where only one Sonoprobe trace was in evidence, the depth of over-
burden was based on geologic inference supplemented by data from
deep water borings. The deepwater drilling operations previously
referred to indicated soft clay overburden in the Indian River area,
in the Eastport to Treat Island area, and in Quoddy Roads. The
Sonoprobe was found to yleld two traces consistently in these aress.
In areas vhere the drilling operations indicated a granular over-
burden, the Sonoprobe was capable of producing only one traces On
this basis, the existence of two traces was considered indicative
of a soft ¢lay overburden and one trace either granular material or
rocke :

The Sonoprobe instrument was designed to indicate depths
accurately on the calibrated chart if soumd velocity through the
medium involved was 4,800 feet per second. This was correct for -
sea water, so the depth of water was accurately represented. The
veloclty of sound in the material between the first and second traces
is not accurately known for the particular materisls involved at the
site. Technical 1iterature indicates that sound velocity in clay
is gemerally about el in sea watery, but in granvlar materials it
is substantially greater, Two traces were taken to indicate a clay
overburden in which sownd velocity is essentially that in water.
Baoavse the small veleoelty differences which might exlst would not
affent the asouragy of the werk, no csorrection %o the apparsnt
thickness of overburden indicated by the Sonoprobe chart was made
in preparing the maps and profilese The depths indicated on the
Sonoprobs charts were redused to mean sea level by adding or sube
traeting the tide level prevalling at the time of the partioular
sownding to seowrs elevation below mean ses level,

The wxerwater information from Sonoprobe charts was added
to maps of the shoreline and above water topography, scale 1 inch
equals LOO feet, prepered from serlial photographa by the Aero
Service Corporation, Philadelphlia, Pennsylvanls, for the ocurrent
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survey in 1956. Samples of the underwater topography, a profile,
sonoprobe chart, and photographs of the accsompanying oscilloscope
trace are shown on plate l-2, The results of the swrvey shown on

the maps and profiles developed by the Fairchild company fuwrnish

(a) accurate information on the bottom level, (b) relatively accu~
rate indication of whether the water bottom is or is not soft clay,
({c) speculative information on whether the water bottom is rock or
granular overburden, (4) relatively accurate information on thickness
of clay overburden, (e¢) speculative information on thickness of gran-
ular overburden, and (f) no information to indicate whether layers of
different materials may occur in the overburden, The apparent ability
of the Sonoprobe instrument to indicate the presence of a soft clay
foundation was a considerable advantage because such foundations

are wnfavorable for the tidal dams, The inability to distinguish
between rock and granular overburden was not as serious a handicap

as might be expected because either are suiiable as foundations for
the -tidal damg. '

1-06 DEVELOPMENT OF MAPS FOR TIDAL PROJECT

- ae Generale The maps prepared by the Fairchild, Inc., (the
Aero Service Corporation land topography and shoreline, supplemented
by Sonoprobe underwater data) were further modified to incorporate

the remainder of the previously described wnderwater information.

In combining information from the various sources it was necessary,

at some loecations, to make adjustments. These were made by giving
the most consideration to the latest or more reliable records.
Bottom contours from the various sowrces were found to be reasonably
consistent;, and only nominal and occasional adjustments were made.
Contours of bedrock surfaces are based primarily on the 1957 Sonoprobe
survey coordinated with data from the subagqueous boring program. Maps
for the agreas in which structures for the proposed tidal power plant

- would be located are included as plates 1l=-3 through 1-8, Comments

on mderwater mapping in the several project areas follow,.

b. Letite Passage. Underwater mapping of the Letite Passage
area is based on investigations by Cooper, the 1951 and 1957 sonic:
explorations, fathometer swrvey by the Passamaguoddy survey staff,
and one core boring, Composite results are shown on plate 1l=3s
Topography in the proposed structure area is very irregular, valley
walls are steep in near shore areas, and bedrock is exposed %o a
considerable extent. Overburden is confined largely to the sub-
merged valley bottom, with small deposits in localized rock pockets
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and some shallow beach deposits. The 1957 Sonoprobe swrvey did

not detect overburden in the valley bottom in the proposed structure
area but geological evidence indicates that considerable granular -
material would occur in irregularities in the bedrock surface and
in areas where tidal currents are weak. The 1951 sonic swrvey
indicated that a few feet of overburden, presumed essentially gran-
ular, occurs in the valley bottom between Thum Cap Island and Dry
Ledge where f£illing gates would be locateds This indication was con-
firmed by core boring number 201-D which encountered 6.8 feet of
sand, -gravel, and cobbles. - In the channel between Dry Ledge and

Mc Master Island the 1951 sonic survey indicated about 75 feet of
overburden, also presumed granular, but this observation has not
been suppor‘bed by any other data, A tidal dam would be constructed
“in this reach and, as previously indicated, either granuvlar over-
burden or rock would provide an adequate foundation for this
structure.

ce Little lLetite and Pendleton Passages. Investigations made
in the Little Pendleton Passage areas by Cooper, the 1957
Sonoprobe survey, and the Passamaquoddy. survey staff indicated rela-
tively shallow water passages as shown on plate l=l. Abundant rock
outerops occur along all adjacent shore lines and in wabter areas.
As no appreciable amount of soft marine silt or clay was discovered,
it was concluded that any overburden in proposed structure areas
would be a relatively thin deposit of granunlar type material which
would not be adverse to the tidal dams planned in these areas.
Contours of top of rock have not been determined becanse this infor-
mation is not needed for developing the designs and estimates for
the tidal dams itwvolved.

d. Head Harbour Passage. The first investigation specifically
for a tidal power project in the Head Harbour Passage vieinity was
the 1951 sonic study which was largely experimental and covered a
relatively small area. The 1957 Sonoprobe swvey provided substan-
tizl coverage of the area and was supplemented by a fathometer survey
by the staff of the Eastport field offices Additional information
was obtained from subaqueous borings. Underwater contours developed
from these surveys are shown on plate l-5; Extent and thickness of
overburden in this area were not clearly defined by the Sonoprobe
survey and the thickness appeared generally less than indicated by
the 1951 somic survey. Therefore, contowrs of top of bedrock have
been determined with reliance on the very few core borings in the
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vieinity and on other geological evidence. The 1957 Sonoprobe
survey did not indicate the presence of sgoft surface deposits here
as it had at several other locations. On this basis, the overburden
indicated in the areas shown on plate 1=5 has been presumed to be
principally granular in nature. Two specific exceptions are noted.
The first is a soft surface lgyer just east of the proposed tidal
dam between Pope Islet and Indian Island, This deposit was identiw
fied by the Scnoprobe survey (see plate 1le2). The second is a layer
of soft material buried under granular material in the bottom of the
deep channel between Campobello and Green Islands which was not de~ .
tected by the Sonoprobe survey. The influence of this clay on the
tidal dam proposed in this reach is discussed in appendix 9, "Tidal
Dams and Cofferdams.® At the proposed gate location between Pope
and Green Islets bedrock apparently occurs with little or no overe
burden. The wnderwater topography aleong the shore of Campobello
Island was determined as a basis for the design and estimate of

the navigation lock proposed for this locsgtion.

‘@ Westerm Passage and Indlan River. Western Passage carries
most of the tidal. inliow and outiiow Lrom Passamaquoddy Bays and
portions of its vnderwater areas have been mapped during all invest-
igations of the tidal power projects except for the single<pool plan
studied by the Corps of Fngire ers, U.S. Army, in 1935-36, The Indian
River area came into consideration only during the current imwestiga-
tione Contours of top of overburden and top of bedrock, for both of
these areas, are shown on plate l=6, Information from the 1957
Sonoprobe survey, as to extent and thickness of overburden, was not
conclugive. Overburden deposits shown on plate 1-6 have been deter-
mined, to a considerable degree, from geological evidence and a few
core borings. A tidal dam would be located across Western Passage
where available evidence shows granular wmderwater overburden. In
the Indian River chammel between Deer and Indian Islands, the 1957
Sonoprobe survey indicated some sofi sediments which were confirmed
by core boring number Ll0-Ds Thess data also indicated the extent
of the clay overburden. It was found possible to minimize this
wnfavorable foundation by shifting slightly the alinement of the
tidal dam proposed for this location, The shore line is partly
rock outerop and partly in beaches, The latter are of granular
materizl which extends to unknown depths. These deposits are the
result of the continual process of natwral erosion and probably
connect with the deeper sediments in many places.  Underwater top-
ography was developed along the shore of Deer Island Point and on
Moose Island to permit design and estimate of the filling gates and
navigation locks proposed at these locationse.
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fo Carryingplace and Jobnson Coves, The area, including
Carryingplace and Johnson Coves, nas been intensively investigated
for a proposed tidal powerhouse and its associated channels by
Cooper; by the Corps of Engireers, U.S. Army, in 1935; and during
the current tidal power survey. The underwater mapping shown on
plate 1-7 reflects the composite results of the several investi-
gations. The nature and extent of overburden have been explorsd hy
sonic methods znd also by direct penetration by several core borings
and many wash borings.

ge Quoddy Roads. Underwater mapping, shown on plate 1-8,
is for the proposed Quoddy Roads tidal dam and the navigation lock.

The mapping is the result of the 1957 Sonoprobe exploration, extended
by the fathometer survey by the staff of the Eastport field office
and correlated with limited core boring data. In this area, the
Sonoprobe survey produced a reasonably well-defined indication of

a subaqueous surface layer of soft sediment which was confirmed by
core boring nunber 107.D.

1-07 MAPS FOR AWKILIARY PIMPED-STORAGE PROJECT

Maps prepared by the Corps of Ingineers, U.S. Arnv, in 193537
were found entirely adequate for current studies of prospective aux-
iliary pumped=-storage project sites at Haycock Harbor and near Calais
in Maine. Maps prepared by Aero Serviee Corporation were used for
studies pertaining to the Digdeguash site in New Brumswickwith some
supplemental details obtained from surveys by the Eastport field
office staff,

1-08 MAPS FOR AUXILIARY RIVER HYIRO FROJECT

Maps of the Rankin Rapids site on the Saint John River
developed for the interim report to the International Joint Cone
mission, previously cited; were sufficient for present studies of
that site. Studies of the Big Rapids and Lincoln School sites, in
adjacent reaches of the Saint John River, were based on t«opogr@hsr
shown on U.S. Geological Survey quadrangle sheets. Supplemental
profiles were obtained from swrveys performed by the Eastport fleld
office staff.
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INTERNAT IONAL PASSAMAQUODDY
ENGINEERING BOARD

INVESTIGATION OF INTERNATIONAL
PASSAMAQUODDY TIDAL POWER FROJECT

APPENDIX 2

GEOLOGY , FOUNDATIONS , AND MATERIALS

2=01. PURPOSE

This appendix presents basic data on geology, foundation
conditions, and construction materials which are essential to the
studies made in comnection with the proposed international Pase
samaquoddy tidal power project, and its auxiliary pumped-storage
and river hydro power projects.

2=02 SCOFE

This appendix contains a summary of prior studies, existing
data, and current investigations of the geology, foundation conditions,
and availability of construction materials for the tidal power
project, an auxiliary pumped-storage project, and an auxiliary river
hydro project. Investigations, tests, and analyses performed for the
present survey cost approximately $1,000,000o Field reconnaissance,
subsurface explorations, and laboratory tests and office analyses are
described and the applicable physical properties of the materials are
presented, Application of the basic data developed in this appendix
to project design is covered in the other appendices pertaining to
specific gtructures., Location of tidal and awxiliary power sites is
shown on plate 2=1,

2=03 PRIOR INVESTICGATICNS

as General, During the initial phase of the current survey,
a review was made of available data on geology, foundations, and
materials applicable to the tidal project and its auxiliaries,
General geologic data were obtained from publications of the Geological
Survey of the United States Department of Interior, the Bureau of
Geology and Topography of the Canadian Department of Mines and Resources,
and the Maine State Highway Department, All known existing data
developed during prior investigations of the sites considered have
been carefully vreviewed and used where applicable, The prior investi-
gations are described in the following subparagraphs.



be - Studies by Cooper, 1926=28, TField investigation of foundation

conditions and availability of construction materials by Dexter F.
Cooper during the 1920's for an international Passamaquoddy tidsl
power project were preliminary in scope and apparently made without

assistance of a geologist, Information developed was limited to that
available from surface observations and inspection of rock from only a
few core borings., Foundation exploration consisted of numerous wash
borings and a few diamond drill holes on land at or near prospective
structure sites. No subsurface explorations were conducted specifically
for investigation of sources of construction materials,

Ce Studies by oS, Army Corps of Engineers, 1935=37.

(1) General, In 1935 and the early part of 1936, the
UsSs Army Corps of Engineers started construction of a 81ngle=pool
tidal project entirely within the Unilted States. Investigations and
design studies for the ehtire project were undertaken concurrently
in four divisions as follows:

Division I: * Eastport and Iubec rockfill dams,
£illing gates,and navigation lock,

Division-II:  Powerhouse, headrace and tailrace,
T - bridges at Carryingplace Cove, and
dams at Pleasant Point and Carlow

Island,

" Diyision IIT: Auxiliary pumped=storage plant and
reservoir at Haycock Harbor, approxie-
mately eight miles southwest from Lubec,
Ma.ineo '

Division IV: Auxlliary pumped-gtorage plant and
reservoir near Calais; approximately
20 miles northwest from Bastport,
Maine,

- (2). Pield Exploration. & comprehensive program of field
investigations was initiated iIn 1935 under the guidance of a staff
geologists, Also9 a-consulting geologist examined a great deal of the
work as it was in progress., Subsurface explorations were performed
by both contract and hired labor operations., Contract drilling
included 297 barings. Project forces made approximately 2,000
explorations of which the most important were 36 deep wabter borings
in the Eastport~Lubec area., Fhobographs 2=1 and 2=2: show the general

w2



Photograph 2-). General View of Plant for Deep ¥Water Drilling -~ 19365.

Photograph 2-2 Drilling Platform for Deep Water Drilling - 1935

Dﬁi’g. ¥o. TG7m168
October 1959 23



view of the plant for deep water drilling and the drilling platform
used in 1935. . Samples of overburden consisted of 1=7/8=in. diameter
undisturbed samples of clayey materials in foundation areas and 2=~in.
drive samples of granular materials; in bedrock 1=1/8~in, diameter cores
were obtained, BRepresentabive samples of remolded materisls were
obtained from auger borings and test pits. Extent of the exploratory
program is indicated in the following tabulation of type and number of
explorations in each of the four divisions enumerated above,

Hired Labor Explorations
Div, Contract Deep Shallow  Land " Jet Test  Auger
‘borings water ‘water Tborings probings pits borings

I 39 36 3 2l 390 19
IT 58 590 19 136
IIT 123 201 333 27
IV 77 22l
Totals 297 36 3 2h 1181 595 163

{3) Laboratory Investigations., A4 soils laboratory was
esbablished in Fastport, Maine, for identification and classification
of soils in foundation areas and of soils proposed for use in embank-
ments, and for development of their engineering properties for design
purposes. In addition, a concrete laboratory was established for
investigation of aggregates from local sources and for design of concrete
mixtures for project requirements,

- (L) Records and Reports. Records of all explorations,
location maps, and cross sections were prepared and are available for

- the current investigations. Construction work on the project was

terminated in August 1936 and only limited funds and personnel
remained for preparing final reports and maintaining the dams,

Fairly complete reportis were prepared by the consulting geologist,
Irving B. Crosby, on the Calais reservoir, the Haycock Harbor reservoir,
the lock site on Treat Island, and the powerhouse at Carryingplace
Cove, Very general reports were made by project personnel on the
Eastport and Lubec dam sites, the Treat Island filling gate site,

the Shackford Head quarry site for concrete aggregate, the Treat
Island quarry for embankment material, and the. Johnson Bay soil borrow
areas A special report pertaining to granite for construction was
made by E. H. Hopson., Complete final reports. on investigations of
soils and concrete aggregates were prepared, and these have been
particularly helpful in the present survey.

2-5



d. Fathomeiric Survey, 1951, The fathometric survey conducted
by the Water Resources Division of the U.S., Geological Survey in
cooperation with the U.S. Army Corps of Engineers in 1951 produced
valusble data on extent of subaqueous overburden materials. The
data have been used in conjunction with other and more recent subsurface
explorations to interpret foundation conditions. This survey is
described in more detail in appendix 1, "Topography and Underwater
Mapping.™

e, Studies by International Saint John River Engineering
Board, 1952, Investigation of geology, foundation conditions,
and construction materials for a proposed dam at Rankin Rapids on
the upper Saint John River were conducted by the International
Saint John River Engineering Board in 1952, Information from this
investigation has been used with only minor additional field exploration
in the current survey of the Rankin Rapids site as one of the possible
locations for an anxiliary river hydro project, '

2«0l TIDAL POWER PROJECT

a. General, The investigations pertaining to regional and site
geology f'oundation conditions, and construction materials for the
tidal power project were started early during the current survey.
Preliminary findings influenced tpe study described in appendix 5,
"Selection of Flan of Development!" to determine the tidal project
layout for which a complete cost estimate was prepared. The layout
selacted for this purpose is shown on plate 2«2, Maps of each of
the areas in which tidal project structures would be built are shown
in appendix 1, "Topography and Underwater Mapping."

b Existing Data, Existing data on local conditions have been
gathered by Dexter P, Cooper, by the U,S, Army Corps of Engineers and
by others as previcusly described. All existing data were used to eonserve
field investigations of the current survey., Sufficient studies were
made ; however, to assure the validity of any existing data incorporated
in this appendixe ' -

c. Regional Geology,

(1) Genersl., The Passamaguoddy area is part of the Appalachian
province which includes a region of mountainous and coastal lands and
waters extending from Alabama to Newfoundland. The project area has been
subjected to numerous crustal and mountain building movements and has
been altered by the intrusion of large masses of igneous rock and
extensive flows of volcanic rocks. The older formations were buried

2=6



deeply and greatly metamorphosed. After Devonian times this area was
essentially a land mass sloping gently seaward. The project area was
then uplifted producing deep valleys and steeply dipping tributaries.
In the more recent Pleistocene time, the glacial ice advanced from
the northwest over this surface. 7The area was depressed by the weight
of the ice and its load of glacial sediments. At the same time, the
land was smoothed and beveled as the existing mantle of overburden

and weathered rock was incorporated into the advancing ice sheet and
moved by it. This movement also changed the drainage system existing
at the time, The melting of the ice unloaded the glaciated areas which
then rose to regain partially the levels prevailing before glacial
times. The passages around the islands in the project area are the
old stream valleys, now partly drowned, and the numerous islands
themselves are the higher parts of the pre-glacial land mass.

Erosion is now cubting through the thin mantle of glacial
sediments deposited over parts of the land surface, The exposed
rock in the land areas is weathering, and wave action and stream
erosion are further modifying the land areas, Several areas of oubwash
sand and gravel were deposited by the glaciers., The principal deposits
along the project coastal area are at Lubec, on Campobello Island
between Friar and Herring Bays, along the northeast shore of Moose
Island, the cove areas on the southwest shores of Deer Island, along
the St. Croix River at Sand Point, New Brunswick, and the Bethel
terrace area, east of the Digdeguash River, at the north end of
Passamaquoddy Bay. The locations named above are shown on plate 2«3,

Tt appears that glacial terminal moraines dammed the passage at
Lubec Narrows and Friar Roads, crossing Moose Island to the vieinity
of Kendall Head and dammed the Western Passage across to the Cummings
Cove area. As the glacier melted deep deposits of marine clay and silt
wers deposited behind this barrier in Cobscook Bay and over much of
Passamaquoddy Bay.

(2) Overburden. Overburden in the project area consists of
unconsolidated surficial deposits of glacial origin, of more recent
weathered granular materials, and of peat. The glacial depesits are
composed of a thin and discontinuous mantle of t1ll, outwash materials
in terraces and beaches, and silts and clays deposited in water.

Sand, gravel, and talus weathered from rock cutcrops are being trans=
ported to form post-glacial beaches, underwater granular deposits and
stream deposits. Peat occurs in many of the low land areas.

(3) Bedrock. Bedrock in the project area includes sedimentary
and igneous rocks of Silurian and Devonian ages. The various formations
occurring in the project vicinity are summarized as follows:

2-7



{a) The oldest rock known is the Quoddy shale
consisting of discontinuous beds of blue to purplish shale separated
by bodies of intrusive rocke. The formation is quite thick, evenbedded,
fine~grained and highly quartzose with occasional fissile bedso This
shale has been subjected to considerable metamorphism which has altered
some of it near the igneous rocks wntil some schistosity has occurred,
The large amount of wvolcanic rock associated with the shale strongly
indicates concurrent deposition. The Quoddy shale has sufficient
strength to support amy of the structures proposed for the tidal power
project, and is sufficiently durable for use in the tidal dams, The
shale outcrops in the Lubec and West  Quoddy Roadg area in the United
States and in the southern part of Gampobello Island in Canada, and
was encountered in subsurface exploration drill holes in the tidal
project area south. of Deer Islando .

(b} The Dennys Edmundsg and Pembroke formations
occur sbove the Quoddy shale and are located along the west side of
Cobscook Bay and were named from the towns of Dennysville, Edmunds
and Pembroke where they outerop. These formations are: composed mainly
of voleanic rocks with a few interbedded sedimentary rocks. They do
not occur in the proposed structure foundation area and have not been
considered as a source of materialso

. {e) The Eastport formation is the upper, or youngest,
part of the rocks of Silurian age and outerops mainly in a narrow belt
extending from Eastport several miles to the northwest, This formation
is composed of igneous rhyolite flows, rhyclite tuffs, basalt, some
diabase with associated beds of shale; and minor’ beds of limestone and
conglomerate, ‘

'(d) ' The youngest rock in the area is the Perry
formation of Devonian age composed of cemenbed red and brown
sandstone and conglomerate, with minor amount of red shale and
interbedded flows of basalt and disbase. This formation outerops
north of Perry, Maine; in the area of St. Andrews, New Brunswick; on
several 1slands in the vicinity of Letite and Head Harbour Passages;
and was encountered in drill holes in Passamaquoddy Bay.

(e) Deer Island, thé upper part of Campobello Island,
and the Letite Passage area are underlaln mainly by igneous rocks of
voleanic origin of Silurian age consisting of a complex mixture of
acidic rhyclites and tuffs, intermediate andesites and diorites, and
basic basalts and finemgrained diabases, OSome interbedded sedimentary
rocks occur with the digneous rocks which have been metamorphosed
locally to slates, argillites, schists and quartzites. Several
intrusive dikes and masses of coarse~grained diabagse and gabbro of
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the same age occur with the volcanics, Granite occurs along the
St, Croix River and outerops to the north and west of Passamaguoddy
Bay. All of these rocks have gufficient strength to support any of
the structures of the proposed tidal power project. Considerable
faulting has taken place in the area and known, relatively inactive
faults extend through Head Harbour and Western Passages. Numerous
voleanic flows, sills, dikes, and masses of intrusive origin have
locally tilted and deformed the original rock formations. MNountain
building forces have exerted pressure on the rocks over large areasSe
As a result of these many movements the older rocks are dipping
from a few degrees to vertical with lesser dips occurring in the
youngest rocks.

(4) Earthquakes, The Passamaquoddy Bay area has been
relatively free of earthquakes during recent time, Minor tremors
have occurred from time to time as the rocks adjust to differences
in internal stresses. These small adjustments would occur mainly
along the faults under the deepest portions of Head Harbour and Western
Passages but would not be sufficient to affect adversely the stability
of the rockfill dams at these locations. Apparently recovery from
compression of the earth surface due to glaciation is essentially
complebed in the tidal project area.

(5) Bconomic Geologye. The mineral resources of the project
area are composed of small amounts of lead, zinc, and copper, none of
which appear profitsble for commercial development, Numerous peat
areas occur but these have not been exploited, Sources for road
building materials such as sand, gravel, and crushed rock are

" developed as needed.

do Field Exploration.

(1) Recomnaissance, Considerable time was spent in the
early stages of the survey 1ln making a reconnaissance of all potential
structure areas in order to become acquainted with the type of rocks
to be encountered, the amount of overburden, and configuration of the
shore and underwater areas., This reconnaissance was exbended to include
all prospective areas for obtaining construction materials with
particular emphasis on sources of sand and aggregates for concrete,
and of large stones for enbankment slope protection against wave
action. As the design studies progressed to the point where the
project arrangement has been selected and location of the siructures
was fairly firm, a more detailed field study was undertaken at the
structure sites to correlate the rock exposures with the cores
drilled in these areas to determine the nature and condition of the
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rock, the type of fractures, contacts between different types of rock,
and any other data pertinent to structure foundation design. The -
area prospected and the location of principal sourdces of construction
materials considered for project design are shown on plate 2-3,

(2) Sonic Survey., One of the principal phases of the
current site investigations consisted of a sonic survey to explore
underwater foundation conditions. Presentation and discussion of
this investigation have been made in appendix 1, "Topography and
Underwater Mapping.™. - , o 1 :

(3) Subaqueous Drilling, In order to determine the type
of sediments in the deeper passages and shallow water areas where
structures were plamed; a conbract was awarded to Brown and Root
Marine Operators, Inc,yof Houston, Teéxas; for drilling and sampling
in 15 deep water holes and six shallow water holes. The general
location of these explorations is shown on plabte 2=2, Of the 15
deep water holes 13 were drilled 20 feet into rock and two were stopped
after penetrating about 50 feet of granular material which was cone
sidered sufficient for foundation design., The deep water work included
a tobal of 888.7 feet of overburden penetration from which 115
undisturbed samples, 5 inches in diameter, were obtained, and 261.1
feet of rock core drilling, The shallow water 8rilling consisted of
91.9 feet of overburden drilling and 159.5 feet of rock coring
principally for investigation of foundation conditions for proposed
gates and navigation locks. The subaqueous drilling program was
conducted wibth conspicous success in spite of the difficult operational
problems presented by great water depths, the rapidly changing depths
due to the large tide range, and the rapid tidal currents. The
undisturbed samples of silty clay from the foundation areas investigated
for tidal dams were obtained in excellent condition for laboratory
tests and analyses. Specific locations of explorations in areas
finally selected for tidal power project structures are presented in
appendix 1 on maps of proposed structure areass Boring records for
the 1957 subagueous drilling program are shown-on plate 2«li, The
results obtained from this drilling program were used to locate the
best locations for the tidal dams and to ald in ‘the interpretation of
the sonic surveys, FPhotographs 2=3 and 2=l show the drill barge used
by the contractor and a view of the elevated deck used for drilling
operations. - : " . ‘

(h) Land Drilling.. A contract was awarded to Boyles
Brothers, Ltd., of Moncton, New Brunswick, for drilling and sampling
in 28 holes on land and in prospective structure areas above low tide,
and in 15 holes in four areas to investigate sources of rock suitable
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Photograph 2-3 General View of Plant for Deep Water Drilling - 1957.

Photograph 2=4 Drilling Platform for Deep Water Drilling -~ 1957.

Dwg. No. TGT7=169
October 1959 2=1)



for concrete aggregate and large stones for embankment slope protection,
The general location of these borings is shown on plate 2-2, Records
of exploration are shown on plates 2-5 through 2-8, inclusive, with
mors fgtailed location of quarry explorations shown on plates 2~6, 2-7,
and 2«3,

(5) Power Auger Borings. Reconnaissance for construction
materials in the project vicinity indicated several prospective
sources of natural concrete aggregates and embankment materials.

In areas considered most promising for development, subsurface explorations
were performed under contract by J. R. Cianchette, Pittsfield, Maine,
using a bucket~type power earth-boring auger. Auger holes, 30 inches
in diameter, were made in several areas with depth of penetration
varying from & to 57 feet. For the areas where substantial quantities
of suitable materials were discovered, location of explorations and
logs of borings are shown on plates 2~9, 210y 2=11, and 2~12,
Exploration was started in a few other areas but was stopped when
materials not suitable for project use were disclosed or where the
shallow depths of suitable materials indicated an insufficient
guantity.

(6) Miscellaneous Explorations, In addition to the
brincipal exploration programs described above, a considerable
amount of subsurface investigation was made by use of hand auger
boring and trenching in existing exposures. These secondary explorations
were conducted primarily to determine extent of materials discovered
by reconnaissance or to extend the findings made by more expensive
methods. The locations and boring logs have been included on plates
showing major explorations. Other explorations which were only
preliminary in nature and used as part of the reconnaissance operations
have not been separately presented but information obtained from them
has been used in the overall materials evaluation. Explorations in
the Carryingplace Cove area which were made by the U.S. Army Corps of
Engineers in 1935 have been used for the subsurface investigations
of the current survey with only a few additional auger borings to
obtain fresh samples for analysis, Location of these explorations
and logs of borings made in 1957 are shown on plate 2-13, Core=boring
records for the explorations made in 1935 are shown on plates 2=1h,
2-15, and 2-16,

€. -Laboratory Tests and Analyses of Foundation Soils,

(1) Pield Laboratory. During initial planning for this
survey, consideration was given to testing foundation soils in an
existing laboratory of the U.S. Army Corps of Engineers, This would ,
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however entail shipping the samples over conszderable dlstances
during whlch their properties could change due ‘to shaking, freezing,
and other effects. In order to assure accurate test results, it was
decided to establish a laboratory in the field office at Egstport,
Maine., Equipment was purchased and ‘installed for performing all usual
identification and soil classification tests. Also included were an
unconfined compression device, two double-unit congolidation machines
for samples -1/l inches in diameter, two direct-shear machines for
3=inch by 3=inch samples, and a double mit triaxial-ghear machine for
samples of 1.k and 2,8 inches in diameter, The laboratory testing

was performed wmder contract by Greer Ehgineering Associates of Montelair,
New Jersey. All samples were classified in accordance with the
1Unified Soil Classification System" of the U,S, Army Corps of
Engineers. Laboratory test methods followed closely the procedures
set forth in the American Society of Testing Materials specifications
for determination of moisture content, wnit dry weight, particle size
gradationg, specific gravity, and Atterberg limits. Directeshear

tests were performed in accordance with instructions contained in the
publication, "Soil Testing for Engineers’ by T. William Lambe.
Procedures for performing consolidation, triaxial compression, and
unconfined compression tests were essentlally those contained in
Harvard University Publication No, 268, "Notes on Soil Testing for
Engineering Purposes“'by A, Casagrande and Ro B, Fadum,

(2) Test Program. As the deep=water drilling progressed
and as samples were delivered to the labbratory, a careful study of
the records of exploratory operations was made, each sample was
examined, and routine classification tests were performed. Subsequently,
' partlcular samples weré selected which représented the areas investigated,
depths explorsd, and range of Yoil classifications: encountered. Tests
were made on these gelected samplées to determine shear strength and
consolidation characteristics for anilyses of stability and settlement
of foundations of project structures, A total of 115 undisturbed samples
of silty clay were examined and tested, Also, identification and
classification tests were made of granular materials encountered in
foundation explorations or in prospec¢tive sources of construction
materials. ‘

(3) Analyses of Test Results,. All'test results were examined
to ascertain consisteney and spread of data and to assess the reliability
of individual tests. Correlations of data have been studied on the
basis of areas of occurrence, depth of penetration, relative elevations,
and with respect to classiflcation ranges, To debermine typical
properties, the test results were grouped on a seléctive basis with
emphasis on data of greabest consistency and reliability,
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(L) Ingineering Properties of Soils, Results of individual
laboratory tests of foundation clays are presented on plates 2-17 through
2=32, inclusive. Engineering properties of typical foundation goils
representatlve of areas investigalted are showm on plates 2=33, 2-3h
and 2-35, Application of basic data is discussed in other appendices
pertaining %o specific structures. However, significant conclusions
of the investigations of engineering properties of the foundation
soils in the project area are summarized below:

(a) Where essentially granular deposits
occur, the materials are generally
compact gravels and sands of good
bearing quality,

(b) Non~granular deposits are predominantly
s5ilty clays which are somewhat more
dense than would result from full cone
solidation under the existing overburden
load but would undergo long-duration
consolidation under added load of
prospective structures. An exception to
this general conclusion is noted for the
clays in Passamaquoddy Bay and in Indian
River which are only partially consolidated
under exizting overburden load,

(c} Shear strength of the foundation clays
varies considerably over the project
area, Strongest materials were found
in the Quoddy Roads area; weakest
materials were found in the middle of
Passamaquoddy Bay and in Indian River,

fo Site Geology and Structure Foundations.

(1) General., Discussion of site geology and existing
foundation condzt{ons is presented in the following paragraphs for
the six areas of the overall project structure layout presented in
the series of plates in appendix 1, "Topography and Underwater
Mapping." The locations of the arf11 holes referred to in the fol-
lowing paragraphs are shown in detail on the plates in appendix 1,
Geologic profiles in proposed structure areas are shown on plates
2=36, 2-37, and 2-38, Overburden was found in all deep and shallow
Water drill holes with one exception. Apparently overburden covers
most of the ocean floor in the project area. Ibts thickness and
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character are dependent on the amount and type of sediment which was
deposited during glacial times, the irregularities of the bedrock
surface, the strength of the tidal currents sweeping the ocean bottom

and the amount and type of material weathered and eroded from the
existing land masses, Investigations and analyses indicated conclusively
that bedrock is adequate for foundation of all concrete structures
proposed. For the proposed tidal dams, however, the existing foundation
conditions vary as described below. Analysis of embankment foundations
conditions with respect to design of the tidal dams is presented in
appendix 9, "Tidal Dams and Cofferdams,® . .

(2) Area 1 - Letite Passaggyl

(a) Tidsl Dems, The principal dam in area 1 would
be between McMaster Isiand and Dry Ledge, and would be founded on
rhyolite, basalt, and dliabase except vhere granular overburden exists.
The maximam depth of the passage varies from 150 to 190 feet across
the width of the dam, The existing bottom slopes are relatively flat
except in the deepest part of the channel where the slopes steepen to
ags much as 1 on 3, Some granular sediments occur in irregularities
in the bedrock surface., The 1951 sonic survey indicated as much as
75 feet of sediment in the deepest portion of the channel which is
probably mostly granular, Very little settlement is anticipated in this
overburden., A small dam would be required to close minor passages which
extend only into tide range between the intake gate locations and the
Canadian mainland, Sandy beach deposits octur in the irregularites of
the rock coastline in this area. A typical example is illustrated in
~ photograph 2«5 showing the beach on the north side of McMaster Island
just west of location of drill hole S«27,

(b) Intake Gates. Foundation rock for the proposed
filling gates at Letile Passage consists of basalt with some coarser-
grained tough dense diabase as shown in the core from the land drill
holes S=28 and S=29 and in shallow water drill hole 201<D. The surface
rocks on Dry Ledge show some vertical schistosity which trends in a
N23°E direction., Seven feet of grapular material occurred in drill
hole 201=D and it appears that considerable overburden exists on the
bobtom in this part of the channel, espécially in the area between
drill hole 201=D and Thum Cap Island, The thickness of this material
will vary according to the irregularities in the bedrock.

() Nayigation Locks One location of a navigation
lock serving the Letite Area was considered but since abandoned at
the northeast side of McMaster Island near drill hole S=27, The core
from drill hole S=27 was mainly a dark gray, siliceous, fine~-grained

2=16



Fhotograph 2-5 Geologic Structure - Shores Deposits on McMaster Island.

Photograph 2=5 Geologic Structure - Head Harbour Passage Lock Site.
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rhyolite, Some high-angle joints showing movement and numerous
small, healed fractures occur in the rock, An occasional shear
plane would probably be encountered in excavation at this location.
This siliceous rhyolite is difficult to drill and singe it is brittle
it will tend to break into small angular pieces when blasted,

(3) Area 2 = Little Letite and Pendleton PaésageSo

. ~ {a) Tidgl Dams. The proposed dam between McMaster
and Jameson Islands, crossing Little Letite Passage, would rest on
an argillite on the Jameson Island abubtment, The argillite has been
metamorphosed in some areas unbil it has schist=like qualities and
contains some quartzose beds. These rocks strike N25°% and dip 66°
southeast. The rock is dense, tough, and tightly cemented, and
weathers into irregular blocks, The abutment location on McMaster
Island is in an area of massive medium-grained diabase. The bottonm
slope is about 1 on 6 on the Jameson side of the channel and about.
1 on |, on the McMaster side which indicates that considerable granular
material has been washed from the islands into the channel which reaches
a maximum depth of 52 feet below mean sea level. Some beach-type
maberial can be seen on the bottom in shallow water at low tide,
This material would probably settle very little due to the weight
of the proposed dam. A longer dam is proposed between New Island
and Jameson, south of Little Letite Passage, where the maximum depth
of the channel reaches 53 feeb below mean sea level along the center=
line, The bottom topography is irregular which indicates that bed~
rock will be found on the bottom of this chanmel under parts of the
proposed dam with granular materlals occurring in depressions in the
bedrock, Bedrock on the Jameson sbutment is a dense rhyolites on
New Island basalts and some diabase are found, Very little settlement
should occur under a dam in this location. At Pendleton Passage
{Doyles Crossing) a short dam is proposed where the maximum depth of
the channel is about 25 feet. Bedrock is composed of basalt with some
diabase at the abutment on Pendleton Island, and of. an argillite with
fissile qualities which are vertical and trend N25°E on the Deer Island
abutment, _ S , : : _

, ~ (b) Navigation Locks. A location for a small boab
lock in the Little Letite Passage area has been selected across the.
north end of Jameson Island near the south sbutment of the proposed
dam between McMaster and Jameson Islands. Bedrock is similar to the
rock at the south sbutment of this dem. This rock is adequate to
support the lock structure. Since the axis of the lock is nearly
normal ‘to the strike of the beds, overbreak from the steeply inclined
beds would be minimized. A large lock for possible fubure traffic .
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was also studiedg_cutting-fhrnugh Jameson and Parker Islamis, Thig
route was not examined in detail but is in an area where the bedrock

is masgsive rhyolite on Jameson Island and steeply dipping rhyolite and
argillite on Parker Island, Very 1little overburden oceurs on the
islands although they are covered for the most part with dense woods,
The rocks are not deeply weathered, Some beach deposits occur between
the islands and at each end of the approaches to the lock some granular
material occurs which has weathered from the land and washed into the

oceally

(L) Apea 3. Head Harbour Passages

(a) Tidal Dams. Two dams are proposed for the Head
Harbour Passage area, a major dam between Green and Campobello Tslands
and a smaller dam between Indian and Pope Islands, Geologic evidence
indicates that the pre=-glacial bedrock chamnel in Head Harbour Passage
is about LOO feet below sea level, This depth was indicated by the
1951 sonic survey but the Fairchild sonic survey in 1957 failed to
penetrate the granular materisl in this passage. The Campobello Island
abutment of the Green to Campobello Island dam was explored by driil
hole 8=2l) which encountered schist, 'Considerable basalt is also found in
this abutment area, Some shear zones ococur which are the results of
the faulting in Head Harbour Passage,

The rocks at the Green Island abutment area consigt of dense
medium= to coarse~grained diorite, Conglomerate occurs under the
overburden throughout much of the charinel area, Two areas of overs
burden exist at this crossing, Drill hole 11l~D was drilled along
the west side of the pre-glacial chamnel and north of the proposed
dam crossing. The channel bottom was at a depth of 316 feet where
granular material wis encountered for 18 feet to =33 MeSolo, after
which clay was encountered. This clay appears to reach a thiclmess
of at least 65 feet in the deeper portion of the pre-glacisl channel
east of drill hole 11L~D, The gramlsr material covering the clay has
been weathered from the steep western side of Campobello Island and
transported by tidal currents to deeper parts of the passage. The
slope of this material is shout 1 on 3 for a distance of 600 to 700
feet west of the island, It then flattens considerably for another
600 to 700 feet before the bottom reaches its lowest level with the
result that the deepest part of the existing bottom has shifted a
short distance west of the deeper old pre-glacial channel, and that
the granular material is thicker over the clay near the eastern or
Campobello side of the pre-glacial channel, Fresence of clay in the
foundation area would require flattening of embanlment slopes to spread
the load of the tidal dam sufficiently to ensure foundation stability,
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Photograph 2=7 Geologic Structure = Shore Deposits on
Campobello Island.

Photograph 2-8 Geologic Structure -~ Quoddy Roads Shale
with Basalt Capping.

Duge Noo TG7=171
October 1959 2=21



The second area of overburden exists east of Green Islet where
the 1957 Fairchild sonic survey indicated overburden reaching a width
of about 500 feet and & maximum depth of over LO feet, No drilling
was performed in this local area to verify extent of overburden materials.
However, overall analysis of existing conditions indicates somewhat
greater lateral extent of overburden than shown by the Fairchild sonic
survey. The proposed dam between Indian Island and Pope Islet would
rest on bedrock and granular material both of which are entirely
adequate to support this structure., Granular deposits extend out into
the channel from both islands to unknown depths and probably surround
irregularities in the bedrock. Geologic structure of shore deposits
on Campobello Island are shown in photograph 2=7, Drill hole 1ll=D
located bedrock on the bottom of this channel and the sonic survey
did not show any penetration into the bottom at this location., Near
the north end of Indian Island drill hole S-16 on land, shallow water
drill hole 205«D, and deep water drill hole 11l=D were drilled in dense,
fine~grained basalt, Drill hole S=25 was located on Pope Islet in a
gquartzite area surrounded by rhyolite flows.

(b) EEE'bE% Gatess Land drill holes S=25 and S-26,
and shallow water drill hole 202-D; were drilled in the area proposed
for emptying gates between Pope and Green Islets, Quartzite, diorite,
and basalt were the main types of rock found in the cores from these
three holes. In addition, some rhyolite flow rock occurs at the surface
on Pope Islet and in the Sandy Ledge area, These rocks are sound and
entirely adequate to support the gates, Considerable granular material
has been weathered from these three islands and this material has been
washed over portions of the ocean bottom. Sandy ledge was named from
the sandy granular material which forms a beach along the south side
of the western portion of the ledge with the top of this beach extending
about six feet asbove sea level, Above low tide level this granular
material has an average slope of about 1 on 10, and below low tide, in
areas of the tidal currents, the natural slope is about 1 on 3.5
Excavation for the gates would encounter a considerable amount of this
granular material in varying thiclmesses, The granular material
smooths out the bottom areas between the rock exposures,

(¢) Navigation Lock, The rock outeropping along
the shore line of Gampdﬁgilo‘I31and'in the vicinity of the proposed
lock site rises nearly vertically to a height of about LO feet

along the alignment of the lock and approaches. The rock then rises
inland on a steep slope wntil it reaches elevations of 80 to 100 feet
above sea level, Land drill hole S~2} was located along the alignment
of the proposed lock opposite the east end of the proposed tidal dam
alignment between Green and Campobello Islands, Along the shore the
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rock consists of interbedded schist and basalt which has undergone
considerable deformation as shown in photograph 2-6, A major fault
system passes through Head Harbour Passage and the rock mass at the
lock site has been tilted to the east with dips ranging from 65° to
vertical and with the strike approximately N35°E paralleling the
direction of Head Harbour Passage, This fault is not active and would
not affect the lock, the foundation for which would be cut deeply into
the east wall of the bedrock valley more than 2,000 feet from the main
portion of the fault, Several shear zones have developed along the
strike of the rocks. and many healed fractures occur. Rock excavation
should produce tabular pieces in the shearéd schist areas with smaller
angular pieces in the areas of basalt., Since the rocks are steeply
dipping to the east; fairly steep slopes could be maintained along

the east lock wallo o

(5) Area h Western Passage and Indian Rivere

(a) Tidal Dams., Two dams are proposed for area l.
A deep dam would ¢ross the Western Passage belwsen Moose and Deer
Islands, and a shallower dam would be located between Deer and
Indian Islands, The Moose Island abutment area was explored by shallow
water drill hole 203¢D which encountered about 30 feet of granular
material resting on bdsalt bedrock. Desp wabter drill hole 108-D
encountered 51 feet of similar granular material, The north sbutment
for the proposed dam is & sandy beach area. This evidence indicates
that a large porticn of this dam would be resting on granular material,
The famous whirlpodl, krown loecally as the "01d. Sow,“ is located about
1200 feet northwest of drill hole 108«D, The Fairchild sonic survey
located bedrock at 4 depth of 375 feet in the bottom of the whirlpool
area, About 1200 feet from the cénter of this whirlpool , at the
proposed dam crossing, granular material is found about 150 feet
higher and at a depth *of 230 .feet, indicating a bottom slope of about
1 on 8, It has been concluded that the fines have been washed out
of this relatively hipgh ovérburden resulting 4n a sandy, gravelly over-
burden at the proposed dam crossing, Séttlemént of this granular
material under a tidal dam does not appear likelyo

The proposed dam between Deer and Indian Islands would be
located over high bédrock between the two islands. Exploration near
the center of the Indian River chamnel, in deep water drill hole 113«D,
located about 20 feet of granular matérial resting on basalt bedrock.
This granular overburden thickens at each side of the proposed crossing
but appears to be sompact enough so that it would settle very little
under the proposed loadings; In the Indian Rive® channel, north of
the axis of the proposed dam, a layer of soft clay occurs (as indicated
by drill hole 110-=D}. Since the outer portion of the dam would extend
over this clay, the north‘slope would be flattened or a berm would be
constructed to obtain adequate foundation stability,
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(b) Filling Gates, The data from drill holes S<17
and S-18 and reconnaissance of the surface exposures of rock in the
proposed gate area on Deer Island Point show several types of rocks which
have undergone considerable metamorphism, Many of the rocks ars
guartzose and schistose with basalt dikes interbedded throughout.
Some figsile argillite beds grade into schistose rocks near the
volcanic flow rocks. A large fault in the Western Passage produced
many shear planes in the rocks which have recrystallized under heat
and pressure., The rocks display dips from vertical to 65° east with
the strike trending NI0°E. All the rocks would provide suitable
foundations for intake gates as the sheared rocks are recrystallized
and strong. The main faulted area is located in the deeper portion of
Western Passgage and more than 1500 feet from the proposed gate location.

~ (c¢) Navigation Lock and Approaches, Overburden at
the proposed lock site adjacent to Dog lsland, consisting of a clayey,
silty sand with a small amount of gravel, overlies bedrock in most of
the lock area. At drill hole S-7, this overburden is 38 feet thick.
Due to irregularities in the bedrock surface, this thickness varies
considerably in the lock area. The rock oubtcropping along the align-
ment for this lock is principally a dense; fine-grained basalt with
numerous fractures and little jointing, Some well=cemented basaltb
flow breccia and amygdaloidal basalt occurred in some of the core
drilled in this vicinity,  Most of the rock has a massive appearance
but it tends to be brittle and much of it would shatter into small
pieces if blasted heavily for excavation. '

(6) Area 5 - Carryingplace and Johnson Coves.

(2) Powerhouse, Most of the powerhouse excavabion
would be in basalt and rhyolite which are in the form of volcanic
flows or intrusions consisting of dikes or sills. Some cemented
flow breccia would also be excavated, These igneous rocks are dense,
fine=~grained and sitrong. Numerous fractures or small cracks occur
in these rocks which are healed with calcite and other minerals,

Some interbedded shale and minor amounts of conglomerate occur in the
volcanic rocks located at elevations mainly above the powerhouse
foundation level, These shales are indurated and strong, and locally
grade into slates and fine-grained silty sandstones with indistinct
bedding. Small fractures and slickensided surfaces along small

joints occur which are healed with calcite, Distinet joint patterns
are not apparent in any of the rocks outcropping in the immediate area.

~ (b) Intake Chamnel. Much of the area in the Carrying-
place Cove vicinity was investigated by Cooper in 1928 by means of a
few drill holes and numerous wash borings. In 1935 and 1936, the
UsSe Army Corps of Engineers investigated much of the area with drill
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holes, test pits, and jet probings. During the present investigations,
three power auger holes were drilled and five hand auger borings were
made. The logs of power anger holes and hand auger borings are shown
on plate 2«13, The logs of the. 1935-36 drill holes are shown on
plates 2=lh, 215, and and 2«16, This information indicated that it would
be necessery to excavate about 19 million cubic yards of overburden

in the powerhouse and- chamnel areas. Much of this material is located
in the intake channel areas All of ‘this material is silty clay with
the exception of about 13 million cubic yards in the land and beach
areas between Johnson and Carryingplace Coves which consists of gravelly
sands with silt lenses covering the ‘¢lay. * Lenses of fine sand and
some gilt are also found in the clay near the land areas surrounding
Carryingplace Cove, Considerable rock excavation would also be
necessary for the :mtalce channel, Rock which would be removed consists
of rhyolite, basalté, shale ‘and small amounts of slate s sandstone and
conglomerate,

(c) Powerhouse Tailracé . Excavation for t.he powerhouse
tailrace would be siFATaF £o That for the intake chamnnel. The Fairchild
sonic survey showed excellent penetration into the overburden, which
is generally taken to indicate presence of clay. The bedrock topography
is considerably rougher than the botton 'bopographyo ‘The rock
excavation would be similar to the rock excavation for the powerhouseo

(d) Switchzardg The prOposed switchyard would be
located on a fill across a saddle between Mathews Island and a small
island located aboud 600 feet to the northwest. - Thigs saddle is above
water at low tides Bedrock ranges from three to seven feet below the
bottom ard the overburden is composed of weathered granular ma-berial
from the islandse Bedrdck :Ls rhyolite and basalbe - -

(e) 'I’J.dal Dame A low tidal date about 2)400 feet 1ong
would extend from Mathews Isliand to Moose Island acrogs a tidal flat
which is exposed during low tides. - Bedrock ranges from a few feet to
as mach as 25 féet below the overburden surface., ‘This overburden is
composed of granular material near the shore and over most of the -
area with some clay in the deeper depressions in the irregular bed=
rock surface:s Very little gettlement is anticipated for a rélatively
low structure at this location. Bedrock is composed of rhyolite, shale
and minor amounts of intrusive disbase.

(7) Area 6 Quoddy Roads .

(a) Tidal Dam, The Quodciy Roads ares was explored by
deep water hole 107=D drilied in the channel aboutr 2000 feet west of
the proposed dam crossing. This hole showed 19.5 feet of stiff clay
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from el, =29.8 to el, =79.3 m.5.1l. Bedrock consists of black
metamorphosed hard shale with fairly flat, obscured bedding. The
deepest part of the pre=-glacial channel through Quoddy Roads was
apparently located north of drill hole 107<D. The Fairchild Sonoprobe
showed good penetration into the sediments at the proposed dam crossing
to depths of about 100 feet. It appears probable that the sediments
are thicker in the deepest part of the pre-glacial channel,

(b) Navigation Locke. The proposed small navigation
lock in the Quoddy Roads area would be located just south of Duck
Point at the southerly end of Campobello Island, Drill hole S=2
én Duck Point encountered eight feet of basalt overlying dark gray to
black, slaty and indurated shale with some quartzose lenses and beds,
The hasalt capping terminates between Duck Point and the lock site,
The bedding of the shale strikes SL5*W and dips about 2L°® southeast.
This shale is dense, hard, and brittle with tight bedding planes
except where movement has occurred along the bedding, It will tend
to fracture when excavated, producing tabular pieces with the thickness
often controlled by bedding planes. Geologic structure is shown on
photograph 2-8.

go. Embankment Materials,

(1) General, To secure the least expensive project, as
mch of the required excavation as possible should be used in cone-
struction of the tidal dams, and all borrow needed for these dams
should be secured from the most economical source. Use of structure
excavation and selection of borrow sources for construction of tidal
dams and cofferdams depends largely on suitability of the materials
for placement under water in rapid tidal currents. Materials available
from structure excavations and prospective borrow sources are discussed
separately below, Both major and minor sources considered for develop-
ment are described.

(2) Materials Available from Structure Bxcavation.

(a) Overburden. 4s previously mentioned, approximately
17 million cu. yd. of silty clay would be excavated to form the intake
channel and tailrace at Carryingplace Cove. Overlying the clay in the
isthmus between Johnson and Carryingplace Cove is about 13 million
cu. yd. of granular material which would be excavated to form the
intake channel, Excavation for the filling and emptying gates and the
© approaches to these gates and for navigabion locks would also provide
considerable amounts of granular material, The thickness of this
material varies greatly as it £ills in depressions and covers the rough
topography of the bedrock surface. In the Letite Passage area, sbout
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- 100,000 o y&o of granular material may be excavated at the £illing
gates; Drill holé 201=D in this area encountered 7 feet of granular
materdial below the excavation grade for the gates, The granular
material from this area could be used in the proposed dam between Dry
Ledge and McMaster ‘Igland or in the low dam between the intake gates
and the Canadian mainlanda In the Head Harbour Passage area some
granular material appears on: Sandy Ledge as small beaches around
portions of the thiee island land areas and in the channels as
evidenced by the 1 feet of sandy gravel encountered in drill hole
202=D, An average of three feet of this material in the approach and
structure areas wﬁuld result in about: 300,000 tus ydo of overburden
excavation, - Excavation for the £illing gates ‘on the lower end of
Deer Island would® also encounter: small quantities of granular materisl
on the island.. ‘Beach. daposits ‘otcur principally along the southern
tip of the' fyland and aletig ¥he: eust side of the i51afid in Indian
River, Gfamalap materlal ten feot in thickneds wds encountered in
drill hole 206-D in Indian River, indicating éxtent of overburden to
be excavated for the approach ehannel to the gates, It would appear
that a minimum of 300,000 ctl. ydo of this mateyial would be excavated
in the channels and from the gates on both sidés of the island.
Approximately 200,000 cu, yde of silty sand and soms gravel would be
excavated at the propbsed lock near Dog Islandi  Estimated quantities
of overburdeh stated herein are based on interpretation of composite
geologic data from a2ll available sourtes and are larger than would be
computed oniy'from the maps shown in appendix le

(b) Rpck, The rock éxcavation at the proposed
powerhouse , gate, . .and- 1ock locations would produte material which
could be used in thé dams, -Much of this rock is fine-grained, dense,
and brittls and world tend to break inbto stone of small size, Some
of the metamorphosed sediments would break into tabular pieces with the
longest dimension two to three times greater than the shortest. Random
fractures and occasivnal shear planes would cauze some of the rock to
break into large stons. Exesavations for ke gates snd approach areas
in the Letite Area would be in movre massive rock formations and could
produce much of the riprap and derrick gtone necessary for the dams
in that aveas If the exdavativns'fail to produce sufficient rock of
large size neéded in this areasit appears that additional diabases
type rock con be duarried in the immediate vicinityo

(3) Matepials Available for Embankment Borrdwo

(&) ~g§ % ~The first phase 6£ the pregent investigation
of construction miterials consistéd of ‘o eomplete review of data

available from the exploration work performed in 1935 and 1936, and

field reconnaigsance of the are¢as previously investigated. In view

of the larger scope of the present plan, the area covered by the

E

228 '_



earlier investigation was expanded to inelude the principal offshore
islands: and that:part of the Cdnadian mainland.contiguous to.Passamaquoddy
Bay. Recomnaissance of construction-material  sources extended. over an.
area of . approximately:500.square-miles,:  Field work performed. during
the investigation has been.sufficient to establish,the. presence .of .
adequate: quantities of suitable materials for oonstructlon of the.-. . -
tidal project, ' The location of:the materials sourges.considered: for:_,
evalvation: in this. report. are- shown on plate: 2=3,:  These. sources. .
include: some: which were: previously'conSLdered in 1936, - Important _
areas where limited exploration work was performed are- ‘shown on: this -
plate by large circles. -Secondary sources where little or no exploration
was performed are shown by:small circles, - Information obtained- and -
specific features of‘local areas -are : dlscussed in: the. £0110w1ng paragraphs.
N : (b) D;gdeguash - Sto George Areao, The coastal avea. -
between theJDlgdeguaEh Hiver on.the west and S5U.:George on the.east,
extending north from Passamaquoddy Bay for 10 to 20 miles to. some :
granite hills, was explored as a wnit for possible borrow areas. The
overburden in thls area consists of glacial till which-oceurs as a

. thin, discontinuous mantle on the ridges .and slopes .of the hills, and .

deposits. of. sand -and .gravel. .. The largest single deposit.of sand. and
gravel-occurs, near Bethel. {plate 2=3), Other_noteworthytdeposits_Occur
adjacent: toi the wvalley:.of the. Mégaguadavic River. near St. George. ;. -

... The; Bethel deposit: occurs. as a glacial outwash. terrace. about a.mile

long..and-.a half mile:wide with a flat surface except.where: it.is . .

interrupted by several rock:-hills., A large pit, as. shown in photograph
2=9, has. been opened ,at the west end of the terrace as a.source .f’_or,

road construction materizl. Svbswrface exploration. consisting of:.

4. 13 ;power: -auger holes, 6..to, 37 feet. deepg were concentbrated. in the -

part -of the terrvace.considered most feasible for project: developmenta :
The Jocation .of. .these borings. and .a record .of the exploration are ... ..
shoim on.plate. 2«9,: .The portion of the. terrace investlgated,would

yield about L mllllon Cllo ydo of sand., and gravelq The remainder of.

the terrace should yield an additional 12 million cu..yds conservatlvely
estimated,: . Bedrock beloW'the deposit is. predomlnantly basalt with. .
some rhyollte and interbedded shales. e

. -(e). Sto. George - letite Area, ..The portion of the
Ganadlan malnland Ayang . south of . the'Magaguadav1c River between..- ...
St. George and Letite was investigated. separately for borrow sourceso,
The area. consistis..of .several rock hills interspersed with, fairly level
terraing, in‘places containlng peab bogs» Overburden on : theArock hills.
consists: of:.a ‘thin mantle of tills... .Several. small . beach depogits of. . -
sand and gravel,:are found.along the road rimmingthe north and west.. .
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side of the area. Larger sand and gravel deposits of glacial origin
are located in the vicinity of St, George. All of these deposits are
“smaller and less favorably ldcated than the previously described
Bethel deposit, and accordingly have not been considered as sources

for construction material for the tidal project, Bedrock exposed along
road cuts and outeropping along the shore is predominantly basalt and
related intrusive rock, Rhyolite flows .and dikes, and interbedded
shales, may occur in minor amounts since they generally are found
associated with the basalt flows in the general area., An area
containing marine silt and clay.'is found on the. north shore about one
mile east of Mascarene {plate 2=3)s- The-deposit extends from the
shoreline , southward to the adjacent rdads A strip about one-half

mile w1de was explored by five hand-aliger borings to an average depth
of penetration of ien feete It appears from the preliminary exploration
performed, that a Timited amount of impervious material ‘cold be -
obtained from this site.

(d) Beer9 Indiah Pehdleﬁon and McMagter Islands,
Deer Island and the adjacent smaller I5lands to the east are characterized
by an extremely rocky311111x,terra1n extending to the shoreline,
Overburden on the hills consists of a thin mantle of vill. Several
small terraces occur on the southwest side of Deepr Island which appear
to be glacial outwashes of gravelly, silty sand, Three very small raised
beach deposits were slso found on Deer Island which already have been
depleted to a congiderable extent for road material, A small beach
deposit of recent’ origin is located near the north end of Tndian
Islande The principal bedrock found ori the islands is basalt with
minor amounts of rhyolite and interbedded shales, partially metamorphosed,
Several outeréps of Perry conglomerate were hoted on the west side of
Pendleton and MeMaster Islands. A large digbase mass occurs in the
vieinity of Northwest Harbour on Deer Island and outerops of this
same type of rock occur on the southeast side of MocMaster Island, Of
- the foregoing, the térraces of granular material and the large
diabase masses are potentlal sourees of construction materials for the
tidal projects -

The largest outwash terraée extends rorthward from Cummings
Cove toward Fairhaven, plate 2=3, The north end of this terrace
was explored by seven power auger borings from 21 to 67 feet deep
at locations shown on plate 2«11, which also shows the record of
exploration. It ig estimated that about 500,000 cus ydo of gravelly
sand could be developed from this part of the terrace., A narrower
part of the terrace extending southerly to Gummings Cove was explored
by one power auger boring which disclosed 27 feét of silty sande
The face of the bluff at Cummings Cove is about 50 feet in height and
is of gravelly, silty sands This part of the terrace contains about
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Photograph 2-9 General View of Materials in Bethel Terrace Deposit.

Photograph 2-10 General View of Materials in Dennysville Deposit.
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500,000 cu. yd. of material making a total of about 1 million cu. yde
for the areas investigated in this terrace.

Another outwash terrace was found on the neck of land west
of Fairhaven (plate 2-3). A field estimate, based on inspection
of exposures, indicates that about 400,000 cua yd. of gravelly
gilty sand would be available from this source, i

Two pronﬁ.nent rock outcrops at Northwest Harbour (plate 2-3)
were investigated by five diamond drill holes to determine suitability
of the intrusive diabase rock for coarse aggregate, riprap, and large
stone. The boring locations and record of the exploration are shown
on plate 2=8, It was found that about L million cu. yd. of tough,
hard, dursble, medium~textured rock would be available on the basis
of the topography of the area and the limited drilling accomplished,.
It is expected that selective quarrying could produce 10 to 20
percent of stone sizes in the 5- to lO«ton range.

{e) Zastport=Perry Area, On the peninsula extending
from Perry to Eastport, Maine, the overburden consists of glacial
till, marine silt and clay, and sand and gravel., The till overburden
generally is found in thin patches on the higher rocky areas. Marine
silt and clay occur in the low areas in the vicinity near Fastport.
Terrace and raised beach deposits of sand and gravel are found
scattered over the area with the larger deposits heing located north
of Eastport on Moose Island in the wicinity of Johnson Cove, The
deposit is not continuous, being interrupted by rock exposures, and
consisgts principally of gravelly s silty sand with some interbedded
clay. About 1 million cu., yd. of granular materials would be available
from this source., Only negligible amounts of overburden are found in
the portion of the area north of the sbove described deposit. Bedrock
is predominantly basalt and rhyolite flows with some interbedded shale,

The basalt flow rock at Shackford Head was explored by five
diamond drill holes in 1936, and three additional holes during this
survey principally to investigate suitability of material for concrete
aggregatess The boring locations and the record of the exploration
are shown on plate 2-6, The rock is hard, dense and very fine-grained,
and contains numerous incipient close fractures throughout the rock
masse <hese incipient fractures would cause the material to break
out in pieces smaller than one cubic foot in size when quarried.

(f) Campobello Island, The portion of Campobello
iIsland north of Welshpool (plate 2-3) is rough and rocky with a thin
11l blanket partially covering the bedrock hills, South of Welshpool,
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the overburden is a thick mantle o:f." mconsolldated material consisting
principally of glacial outwash with some réworked till, The outwash
was deposited as a broad plain interrupted by a few rock exposures
and several rock cored hills. A& large barrier beach'is found along
the entire shore line at Herring Bay. Till is exposed at the base

of the slopes along parts of the shoreline from Friar Bay to Duck
Point. The bedrock underlying the northern part of the island is
chiefly basalt with minor amounts of rhyolites, cherty argillites and
meta=shale. Large masses of diabase are found at Man of War Head,

and gb Hannmmuw'H111, Disbase also occurs in the several rock hllls
which crop out abové ‘the outwash plain and in séveral promontories

on the socuthern part of the island, Occasional outcrops of cherty
argiilites and shale can be. observed along the southern shore.

Exploration Fob sand and gravel Was limitéd £6.4 small segment
of the outwash plain where eight power u§er Borings 19 to hé feet
deep were drilled at locations shown on pldate 2-12, which also shows
the -record of exploration., Exposures of gravelly, silty sand, ranging
in height from 10 to 50 feet, extend for over onemhalf mile afong the
shore of Friar Bay. <On the east side of the 1sland4 ‘gouth of the
barrier beach at Herring Bay, exposures extend about 3,000 feet in a.
southerly direction 'and range in height Froh 10 to 30 feet and show
similar material, Using depths estimated fyom the exposures, and the
area of the terrace, it has been estimated that at least 5 million
co ydo of gravelly, silty sand would be available from this area,

In addition, aboub 500,000 cu. yd. Of sand and. grav’e'l could be obtained
from the barrier beach’ at Herring Bays S ,

. Limited exploration was performed in ‘the massiVea digbase
ridge at Mon of War Head (plate 2-3) to locdte a potential quarry
site for production of coarse aggregate, riprap and large stone
Exploration consisted of five diamond drill holes for which the
boring loeitions and record of the exploration are shown on plate 2-7,
The disbsse was found to be 2 tough, hard, durable - mediumstextured
rock of which aboubt 6 million cd. ydo would be available according to
estimates based oh the explorations and the topography of the ridge.
A hill situated to the west of the ridge ‘18 a patt of the diabase
intrusion and could be used for additional rock. It is expected that
selective quarrying could produce about 10 to 20 percent of stones in
the 5= to 10=ton range at both locatiins.:

A mass of r¥ock similar to that at Man of War Head is located at
Hannsbury Hill near the north end of the islands. No exploratory work
was performed at this site; however, examination of the rock mass
indicates it to be sultable for a quarry site to produce riprap and
large stone, Based on rock exposures, il appears that about 3.5
million cu. yd. of rock would be available at this site.
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(g) Lubec - West Quoddy Head Area, The Lubec-West
Quoddy Head area was Iinvestigated particuwlarly for materials which
could be used for the proposed dam at Quoddy Reads. The overburden
on the hill slopes and rock ridges consists of a thin, discontinuous
mantle of glacial till., Shallow deposits of gravelly, silty sand occur
as fringe terraces above gea level around Treat Island and West Quoddy
Head, A large deposit of gravelly, silty sand is located west of Lubece.
Between Lubec¢ and West Quoddy Head is a considerable expanse of marine
clay and silt which is exposed ab low tide. Marine clay also occurs
in the lowland and valley areas adjacent %o shore and below the sand and
gravel deposits at West Quoddy Head. Diabase is the principal bedrock
in the area with outcrops at both West Quoddy Head and Iwbec, and along
the east side of Seward Neck. BRhyolites and basalts occur at Treat
Island, Shale outcrops oceur along the shore from West Quoddy Head
to Lubecs The rock mass at West Quoddy Head was explored by two
diamond drill holes. The rock is a tough, hard, durable, medium-
textured diabase suitable for concrete aggregate, riprap and large
stone. About 15 million cu. yd. of rock are available at this site.
Selective gquarrying could produce aboult 20 percent of stones in the
5~ to 10~ton range, which would be sufficient for project requirements,

(h) Haycock Harbor Area, The area south of Cobscook
Bay and east of U.S. Highway No. 1, including the vicinify of Haycock
Harbor, was investigated as one area. The glacial till overburden
occurs in thin patches along the side slopes and on top of most of the
hills and ridges. Marine silts and clays generally occur below el, 100
MeSels, in the valley and lowland areas., Deposits of gravelly, silty
sand are found as old beach deposits along lower slopes of rock knobs
and ridges generally at about el. 100, The deposits are limited in
size, shallow in depth, and widely scattered, The principal bedrock
in the area is diasbase which occurs generally throughout the southern
portion of the area and is found as prominent knobs and ridges in the
northern part. Rhyolites, basalts, and shales underlie the lower
elovations particularly in the northern part. For the auxiliary pumped-
storage reservoir site considered in this vicinity in 1936, it was
found necessary to explore many separate deposits to develop sufficient
materials for embankment £ill, No surficial deposits were considered
suitable at the time for the production of natural conerete aggregate
and the current investigations did not disclose any potential sources
of materials for the proposed tidal power project.

(i) Denmnysville Area. Significant deposits of glacial
sand and gravel, principally in eskers and terraces, occur in
Dennysville (plate 2-3) and extend to the northwest and west of the
town, The sand and gravel mound near the Dennysville railroad station
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was explored in 1936 by means of test pits.,. It was recommended as

the sole source of sand for concrete aggregate for the tidal power
project under construction at that time.: Since “the -deposit was
deficient in the coarse aggregate sizes, a: crushéd=rock source was
recommended for use with the sand obtained from this deposit. The
deposit was explored further in 1957 by seven power-auger borings
ranging in depth from 10 to 35 feet, The boring locations and record
of exploration are shown on plate 2=10, ' Although this particular
deposit has been utilized during the intervening years, it is estimated
that about 300,000.cu: yds of sand are still availableo Other sources
nearby could be developed if necessarys - ‘Fhotograph 2=10 shows a
general view of materials in the Dennysv111e deposit.

(;j) Cobscook. Ba:y = Boyden La.ke Area.. The overburden
in the area north of Cobscook Bay Go the granite upland of Boyden
Lake and lying east of the Maine Central Railroad (plate 2-3) consists
of glacial till, marine clay, and deposits of sand and gravel, The
till overburden in the area is generally thin, and covers the slopes
and tops of hills and ridges in a dlscontinuous mantle. Marine silts
and clays of undetermined thickness oceur in the valley and lowland
areas below about el, 100, Deposits of gravallys 81lty sand are found
as 0ld beach deposits along the many Knobs and ridges which trend in
the direction of Cobscook Bay, The beach deposits are genérally
located at about ¢l, 100 and are usually limited in size, shallow in
depth and widely scattered. Deposits of sand and gravel too small for
further consideration, are located around the shore of Boyden and
Pennamaquari Lakes, Ong signifiéant sand and gravel deposit oceurs as
a glacial terrace along the west bank of the Permamaquan River
extending from near the outlet of Pemnamaguan Lake o the village of
Pembroke. The deposit has been extensively wtilized for road
construction material, This source was not considered for aggregate
in 1936 as it was found to be shallow in depth and was considered
wieconomical to develope The prinecipal bedrock in the area consists
of rhyolite and basalt flows, shales and Perry sediménts, with the
shale most prominent, Disbase intrusives are secatbered throughout
the ares and geversl of the smaller masses. make promontories along
the Cobscook Bay shoreline, f _ , .

(k) Boyden Lake = Calaxs Areao The granite upland
north of Pennamaquem &6d Boyden LaXes tO Ualals, Maine, and east of
the Maine Central Railroad (plate 2=3) is r ough and rocky with
mumerous fresh water lakes and small streams, The glacial till
overburden whith ¢overs the bedrock of the hills and ¥nobs is generally
thin and scattereds Some glatial elay is féund i the swamp areas
adjacent to the fresh water lakes., Silt and elay oecur on some of the
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glopes dipping to the coastline, Only three deposits of sand and

gravel were found of sufficient size to merit a reconnaissance, One
deposit occurs along the shore of the St, Croix River extending from
Hilchin Point north for about 500 feet and lies east of U.S. Highway

Nos 1o It is being extensively used for highway construction,

Another source of sand and gravel is a nearby terrace to the west of
UsSo Highway Nos, 1. A third deposit is the glacial esker extending from
Round Pond towards Calais, Maine, along the right-of-way of the Maine
Central Railroad.

Exploraxion was performed in the area in 1936 to locate material
for the several dams proposed to inclose the Calais auxiliary pumped=-
storage reservoir. Investigations were widespread because many areas
were necessary to fulfill the borrow requirements at that time. The
largest source of the few significant borrow areas found at that time
was located about one~half mile southwest of Calais, Maine. The
deposit is siltuated on the high ridge and side hill slope overlooking
the Ste. Croix River. Up to 7 million cu. yd. of material suitable for
impervious fill were indicated in this deposit. An esker on the west
gide of the area was explored for an aggregate source in 1936 and was
congidered as the second choice for conerete sand. Also, it was
considered as a source of embankment materials for the proposed dams
on the west side of the auxiliary pumped-gtorage reservoir site,
Reconnaissance in 1957 indicated a limited amount of reworked till
in a ridge area northwest of Perry, Maine, but this material does not
appear suitable for largewscale development. Bedrock of the area is
predominantly granite with some outcrops of the Perry conglomerate
appearing along the shoreline and at Little Douchet Island in the
channel of St. Croix River. The granite oubcrop at Devils Head near
Calais, Maine, was considered as a source of large stone in 1936,

The granites of this area would be reliable sources of sound aggregate
and of large stones.

(1) 8St, Croix River - Digdeguash River Area, The Canadian
mainland east of the ob, Uroix niver to the Digdeguash River was
examined as one area. The northern half of the area displays a
rough, rocky terrain containing many fresh water lakes. The
southern half, particularly the St. Andrews peninsula, is gently sloping.
Surficial deposits consist of a thin till blanket mantling the bedrock
surface, and an occasional deposit of sand and gravel, A relatively
large glacial deposit of sand with some gravel occurs at Sand Point
sitnated about six miles north of St. Andrews along the St. Croix
River shore, Sand and gravel occur in other very small and scattered
depogits in this area but none were found which merited consideration
for a major construction material source. The bedrock in the portion
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of the area lying ‘essentially north:of Chamcook Lake (plate 2-3)
consists mostly of granites;.gebbros; and allied rocksy A band of
rhyolites, bagalts .and interbedded shales stretches as a wedge
across the Chamcooﬁ Lake area narrowing considerably-to the east.
These rocks also project up into the Digdeguash River valley for
several miles, The St. Andrews peninsula is underlain ‘principally
by the red Perry sedimentao RO A

(h) Sources Considered for Developmenﬁo

(&) Overburdenu The 17 wd1lion: i, yd. of silty
clay which would be ‘excavated from Carryingplace Cove for the

powerhouse intake charnel would provide most of the impervious

material needed for the tldal dams -and - cofferdamso- Abvout 2,5 million
cus ydo of gravel amd .sand for the tidal danms ctuld be obtained from
granvler overburden abt proposed strmicturs sttes. The remainder could
be secured frof beach and terrace deposits ih the general project

area, Largest sourdes of borrow of granulayr matérials are on Campobello
Island, and in the Bethel terrace in Néw Brunswickp

(b) - ngo Moch of, ‘bhe material for the rockfills in
the tidal dam.would gome ‘from: struebure ‘ekeavations, - The Man of
War Head quarry site i$ considered thé rmost foasible gour¢e of large
stone for riprap and for difficult closure operations, The smallere
sized rock waste material could be separated from the large stone and
moved by scow to locations where rockfill émbankment material is
neededs FPhotopraphs 2«11 and 212 show an existing jetty at Lubec,
Maine, which was constructed of gstone of the same quality as found at
Man of War Head» . O .

(5) Gcnsideration of Alternate Sources»

(a): Overbwdem. The several depos:i.‘bs of granular
materials ocourring 'on land in the prowimily of the: proposed
dams as discussed above could be used in the dams and cofferdams
where economically feasible, ‘Selection of ‘alternate ‘sources would
depend largely on meﬁhod ‘and seqﬁence of construction of dams and

cof ferdams,

1 (b)‘ﬁgggﬁg :In‘additicn‘to=tﬁe.m35br rock quarry
proposed at Man of ead other sources of large stone located
near structure sites include ' the disbase intrusive masges at West
Quoddy Head, at Harinsbury Hill on Campobello Island northeast from
Man of War Head and near Northwest Harbour on Deer Island,
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Photograph 2=11 General View of Existing Stone Jetty at Lubec, Maine.

Photograph 2-12 View Showing Size and Shape of Stones in Jetty
at Lubec, Mains.

Dwg. No. TG7=173
October 1959 2=39



he Concrete Aggregabtes.

(1) General, Investigations to determine availability
and suitability of materials within the tidal project vicinity for
production of concrete aggregates have been described in preceding
paragraphs covering geology and field explorations. Leaboratory tests
and analyses of prinecipal types of available materials considered for
concrete aggregates are discussed below, Sources of coarse and fine
aggregate are swmarized herein. The considerations leading to
gelection of those sources proposed for project development are
discusseds

(2) Laboratory Tests and Analyses.

(a) ZLeboratory Facilities, Preliminary examination
and gradation tests of materials considered for concrete sggregates
were made in the project field laboratory at Eastport, Maine., Selected
samples were sent to the Materials Laboratory of the South Atlantic
Division of the U.S. Army Corps of Engineers in Marietta, Georgia,
for petrographic analyses, determination of thermal expansion, and
durability in concrete mixtures. Assistance in petrographic analyses
was obtained from the Chio River Division Laboratories, Mariemont,
Ohio, and the Waterways Experiment Station, Vicksburg, Mississippi,
both of the U.S. Army Corps of Fngineers.

(b) Test Programs After thorough recomnaissance of
the project vicinity and review of materisls explorations conducted
during prior studies of the tidal project, representative samples of
materials were selected from sources considered most appropriate for
use in project construction for laboratory tests and analyses.
Portions of rock cores, 2 1/8 inches in diamster, were chosen from
explorations in prospective quarry locations dt West Quoddy Head,
Shackford Head on Mcose Island, Man of War Head on Campobello Island,
and an outcrop nesr Northwest Harbour on Deer Island for petrographic
analysis. In addition, bulk samples were selected from quarry rock
at Shackford Head, and natural aggregstes from the Bethel terrace,
east of the Digdeguash River in New Brunswick, from deposits on the
southerly part of Deer Island, and from sand and gravel deposits in
Dennysville, Maine, Location of these sources are shown on plate 2-3,
These bulk samples were subjected to elementary tests for classification
and preliminary tests generally made by the U.S. Army Corps of Engineers
to investigate suitability of concrete aggregates. These latter tests
include petrographic analyses, determination of therm=l coefficient
of expansion, and durability of concrete mixtures as indicated by
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many cyclés cf altamate fréezing a:nd 'bhawing of test beatnso 'In
planning the specﬁ.fia test progranm, oi" ‘the" current survey -cognizance

was taken of the- aubs%&n*tiai “amoit of, ih*\restigaﬁoﬁ perfomed by the
UeSs Army Corps off Englrusers 'in-1935-374¢ The mineral. aggregates

were first examined for structural conqae'bence of individual specimens

of the various rock types in each sampley Subssquently, these aggregates
were used in. condretd mixtures in various combinations £o investigate
the durability of "conerete and compatlbility of prospeétive combinations
of coarge and f:me aggregateso_ :

(é) EE 41 Phopastise of Go'”retp Amues and
Mixturess Results of: petrographic malysig of ‘rock ecores from the
our prospective quarty sites. coﬁsifdéred have beén concisely stated
in a petrographic report from the' Ohig River: Diviston Laboratories of
the UeS. Avtiy Goi'pﬁ bi‘ ﬁngiﬂbé&'s an& is tiume' i, pé.r‘b &s follows:

"INTRODUCTION~ | r | f N e
"Eighteeﬁ sa’miﬁié oﬁ“ Nx éize :.amc;us ﬁock sores from the area
of Pagsamaqubddy Bk s Wate subniitted by the Néw England Division

for exaninstion by & 8 Bwth A’fslmti.cs ﬁiﬁéidﬁ Laboratory, These
samples were identified as i‘olit‘iw%* .

Quaxry m ora’ou.,o AD .‘Laga gg’ Depth (Feet)

West Quoddy Head mi-‘ Y 28,9 - 26,0
e C88/8107 0 79,9 < 80,3

Shackford Hea&- . L3 g /5':L1 L 6yb = 7,2

L PR F Mﬂa‘ R 2 3.1 8006 = 810
oo 'f' oMb 82818 T )6 w 25,1
1 (LI | | AR M”h B . !82 12 o o 82‘.-9 " 83‘34
it o '“:. S 1‘1*9 oL g _ 28&_9 = 2941
§ " oM /'gl:i - 1746 = 1481
Man of War Head My o Bzf ol .' 3849 = 39k
TN . IO :»82/51? . 6080 = 60,6

fn ‘“ '“ |':‘ li"..' 'Ml Co 196 - 20‘5
n " oo MRl o ‘; ;B , 55.2 w 66,7
Northwest Harbour = 'MJ3 - . - 2 18 . 58,9 =~ 59,5
T w0 M3 C o 10159 =102,3
1 CW i ] o - Me.la ~' ’ 82 516 ; 15107 "15203
" # o Mads o B2/BT. < h0,L = 10,6
t Mo T B e B 646 = 7ol

I T B T R T sygm 11946 ~120.8
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A1l samples were examined under the stereoscopic microscope.
On the basis of this examination, the samples were separated into
two general rock types. The samples from West Quoddy Bead, Man of
War Head and Northwest Harbour were grouped into one type, and those
from Shackford Head were grouped as the other type. One thin section
of each type was prepared for mineralogic and textural determination.
Other check tests on individual samples were made by index of refraction
determinations on mineral grains removed from the samples.

"DISCUSSION :

"The samples from West Quoddy Head, Man of War Head and North-
west Harbour are a dark greenish-gray, flnem to mediumegrained
erystalline basic igneous rock classified here as a disbase, Although
‘the m1neraloglc composition varies somewhat from sample to sample, the
rock is composed predominantly of pyroxene (probably augite) and
intermediate to basic plagioclase feldspar. A prominent and well
distributed accessory mineral is magnetite which is probably titaniferous,
Although the rock is generally free from any indications of weathering,
some of the feldspar is very slightly kaolinized, A variety of minor
accessory minerals also occur. Although the texture varies, most of
the samples show euhedral crystals of feldspar with the pyroxene
occurring as interstitial f£illing.

"This rock type is hard, dense and tough. No textural nor
structural feature was observed which would adversely affect the use
of this stone as concrete aggregate or riprap. No material known to
be chemically reactive with the free alkalies in cement was found,.

"The samples from Shackford Head are a dark gray to black,
fine-grained microcrystalline basic igneous rock which is classified
as a basalts The mineralogic composition was not positively determined,
but it is similar to the diabases The dominant minerals probably
are pyroxene and a plagioclase feldspar with a large amount of well
distributed magnetite which gives the black color to the rock., The
rock generally has a microcrystalline salt-and-pepper texture with a
small amount of brown interstitial basic glass,.

"The basalt is a hard, dense somewhat brittle rock. All of
these core samples (82/511,°512, and 513) are highly jointed and

fractured, These fractures are weakly cemented by secondary calcium
carbonate.

"CONCLUSIONS ¢

"On the basis of the samples examined, the following conclusions
have been reached as a result of the petrographic examination:
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1e All of the dlabase (Lab‘ samples 82/510 82/51l, 515, 516,
and 517) is a hard durable rock sultable for use as concrete aggregate
and riprape S S o

2, All of the -basalt (Lab. samples 82/511, '512 s a‘nd 513). is a
hard durable stone except for numerous closely spaced fractures. On
the basis of samples examined, it is considered to be satisfactory for
the production of 1% inch maxlmum ‘sized- aggregate, to be of fair
guality for production of 3=inch maximum size aggregate, and probably
of poor quality for the productlon of any sizes 1arger than 3 inches.,

3. XNo materlal known to be chemlcally reactive with free
alkalies in cement was found in any of the samples.™

Laboratory tests were made of Bulk: samples of quarried rock from
Shackford Head, and of natural gravel and sand from the Bethel -
terrace, from Beer Island, and from Dennysville, Resulbs of these
tests dre shown in . comparatzve arrangemenﬁ on plate 2=39. These
tests indicate that both coarse and fine aggregate can be cbtained
from the quarry site 4t Shackford Head, but. that the natural aggregate
sources ars suitabls for fine aggrega"be oleo :

{3) Major ources Con31dered foi DeVeiopment, After
consideration o e resulbs of tests for suitability, the availability
of adequate quantities, and the production and transportation problems,
it was concluded thiat coarse aggregates for ¢toncrete could be most
advantageously obtaired for the major strustures from a disbase rock
quarry at Man of War Head on Campobello Islands ~For fine concrete
aggregabes,; either crushéd rock from the same quarry at Man of War
Head or sand from the Bethel terrace would be sultables

(L) Alternate Sources, Preliminary consideration was
given to produeing cofcrete aggregates for the gates and lock in
the Letite area £rom disbase rock existing oh the mainland just
northward , and aggregatés for the locks at Quoddy Roads from similar
rocks at Quoddy Head, Alternate studies for concrete sggregates for
the tidal powerhouse at’ Carryingplace Cove theluded consideration of
coarse aggregate from Shackférd Head and fine sggpegate composed of
sand from Dennysville. -However, savings in hauling costs involved in
using several nearby sources sppeared to be offset by additional cost
of acquiring and developing numerous sources rather than a single but

more remote sdurde.
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il. Concrete Mixtures.

(1) Cement., 411 concrete for the powerhouse, gates, and
locks would be made with Portland cement conforming to U.S. Federal
Specification SS-0~192, Type II (moderate heat of hydration), with
no admixtures except an air-entrainment agent,

(2) Construction Water. Adegquate quantities of good quality
fresh water could be obtained in the viecinity of each major tidal
project structure for the production of concrete aggregates and for the
manufacture and curing of concrete, Iocation and areas of possible
local water supplies are presented in appendix li, "Basic Hydrologic
Data." Accordingly, construction programs and cost estimates have
been based on using fresh water for these purposes. However, water
could be used in the processing of concrete aggregates if fresh water
rinsing were used to prevent formation of a salt residue on the
aggregate particles.

(3) Concrete Mix Designs. Concrete mixes were designed for
the proposed tidal structures to determine the quantities of materials
for cost estimates, Mixtures were considered using both natural and
manufactured aggregates in order that the least costly combination
could be selected. The mixtures were designed in accordance with the
conventional requirements of the U.S. Army Corps of Engineers to
provide maximum durability in sea water and in a climate with
frequent freeze - thaw cycles, and for the use of 6-, 3=, and l%-inch
maximum aggregate sizes. GComposition of desipn mixes using crushed
rock as coarse aggregate with either manufactured or natural sand
as fine aggregate are shown below,
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- ,.“wCoﬁéréﬁé i ﬁé&igns‘fr*-’ | :
Manufactured Sand and Crushed Rock -

‘(Propéftibﬁ's"fé;* one’ bu‘pic yard of q‘énc’i&'ete} '

Maxci mam aggregate size inches 6 | 3 1.5
Water B LI
Propﬁr*taon, gél;/b\ag w80 8,8 5.0
VOiume ouefts i . L . 302-1 . 3068 hoOI
w‘elght pounds B AL . 2000 . 22940 250,0
Cement e S
Specifis gravi“l:.y 3 im C 3.0 3.0
Proportion, baxdeéds . . - . L0 1,28 1,50
Vdlume (scslid}, edafby o o b S LB 2,39 2.87
Weight, pounds - . 376 : h?O ‘ 564
Fine aggregate P T
Specific gravity ‘248? ‘2589 2,85
Proportion of todal. aggregate 0.28° 0,32 0,35
Volume (SOlld), 6ﬂ¢ftb . : : 6512 ‘ 6@80 7.0h
Welght, pounds . . ,088 1,209 1,252
Coarse aggregate . " ' | - | | _
Specific grarity .85. 2.85 2,85
Volume (solid)
6"’ to 3-in¢h 31299 ﬁucftﬁ 5067 g oo
3~ to liwinch size, cu.fbe, [T Ko 5. -
to B/L“ihﬁh Sizeg taefts - o R é - 3&99 5-88
37h-in¢h to e, b eiare, enafte A7 b0 7.9
Welght ' o } _
bu 10 3-inch size, pounds 007 T e -
3~ to l%umneh sige, poudds . 727 - 986 -
Lo to 3/litidh size s Dounds W8 o 708 . 1,045
37h~in¢h 6 Nos It éieve, pounds 615 - B3l 1,277
Conerete | g
Density (solmd), pouhds]buafta | .‘:.-165u§ m,shs 1,628
Air content (assumed), pereent 245 3.0

Density (with air) 5 pounds/cu.ft. 162,0
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Concrete Mix Designs
Natural Sand and Crushed Rock

(Proportions for one cubic yard of concrete)

Iten
Mazimum aggregate size, inches

Water
Proportion, gal./bag
Volume 9 cu.fte
Weight, pounds

Cement
Specific gravity
Proportion, barrels
Volume (solid) s Cuefte
Weight, pounds

Fine aggregate
Specific gravity
Proportion of total aggregate
Volume (solid), cu.ft.
Weight, pounds

Coarse aggregate
Specific gravity

Volume (solid)
6= to 3=inch size, cu.ft.
3= to li=inch size, cu.fte
1= to 3/h~inch size, cu.ft.
/l;—n.nch to Noe UL sieve cu.ft.

Weight
6= to 3winch size, pounds
3- to l—-:.nch size, pounds .
to 3 -inch size, pounds
37h-1nch to No. L sieve, pounds

Concrete
Density (solid), pounds/cu.ft.
Air content (assumed), percent
Density (with air), pounds/cu.ft.

s

1

2-h7

MixA  MixB @ MxC

& 3 1,5
640 5e5 5.0
3.21 3.68 .01
200 229 250
3.0 3.0 3.0
1,00 1.25 1.50
1.91 2.39 2.87
376 W70 56k
2470 2470 2,70
0428 032 0435

6412 6,80 70k
030 1,127 1,185

2.85 2.85 2,85

567 C - —
4,10 5.55 -
2052 3099 5088
347 L 70 719
,007 - —
727 986 -
uh8. 708 1,045
615 83L 1 277

163.1 161.2 160.0
2.0 2.5

3.0
159.8 15742 155 .



2-05 AUXTLIARY PUMPEDSTORAGE POWFR, DEVELOPMENTS

2 Goneidl,s Atong the awelliary power sources considered for
the proposed intertationsl Passamaqtoddy tidal power project are the
punped=storage projects described in appendix i1, "hwddliary Pumped=
Storage Developments," Locations of these projects are shown on
plate 240, Geology, foundation conditions, and construction materials
For the sites congidéred aré described in the Pollowing paragraphs,

be Exisbting Data. During the tidal project studies made by
the U.S« ATmy Gorps. of Brigineers in 1935 and 1936, investigations

wore made of potential pumpedwstorags project sites at Calais and
Haycock Harbor, locateéd as shown on plate 2-4D, Reconnaissance and
exploration data Which are availdble from these early studies were
reviewed during the initial phage of the current swrvey, and applicable
portions have bedn tgéd in studies deseribed it thé following paragraphs.
Particularly pertinent were reports of esch of these sites by Irving Bs
Crosby, Consulting Geologlét, o .

‘co Begional Geolveys . 1 0

(1) Topveraghys The land gurfdce of the Passamaquoddy
Bay area is oné of 1ow to moderate relief. It is characterized by
numerous rotk hills, khobs, ahd ridges which rise above the marine
terraces, stream valleyd, ahd lowlands, Most of the hills are less
- than 300 feet high and 1 few peaks exteed 500 f'eet in height, In
‘the northern portiod of the area, which includes the Digdeguash River
basin, the prominent hills and ridges display a trend in a southeast
sdirections The élohgation appears to contrel the major drainage
patterns in the aves 4nd follows the pensrel direction of many of
the bays atd éstuaries which indent the coastline, This parallelism
is in harmony with the structural trend of the hard . rock formations
and hag in a large measure been accentuated by glagiations The
coagtline of Passamaduodsy Bay i3 very iidvepulaw shd is characterized
by long bays, estuarids dnd many islandsgs Much of the shoreline is
rocky, but many reaches bordering the lowlands are formed of low bluffs
cut in clay or silty ‘gravels,. As a result of past glaciation, much
.of the land surface 18 covered with fresh water lakes, ponds, and
‘marshes which 4re dréined by nunerous gmall lockl streams, fhe St. Croix
River, with a draidage atea bf sbout 1,600 squire miles, is the largest
gbream. in the areés. ILbsger streams inélude thé Dennys, Digdeguash and
Magaguadavie Riverse - - RS o , _

(2) Bedrosks: Bedrock in bhe Passamaduoddy Bay area consists
of sedimentary rocks interbedded with volcanic flows complicated by -

' the presence of abundant intrusive masses and by extensive faulting.
The Quoddy shale of Silurian age is regarded as the oldest rock in
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the area, A thick sequence of wolcanic flows which are chiefly basalt
and rhyolite with varying thicknesses of interbedded shale and tuff
overlie the Quoddy shale, These flows are the predominant rocks in
the area and have undergone considerable deformation during and
subsequent to their deposition. Faulting was more extensive than
folding and the flows and sediments display only a low Lo moderate
degree of metamorphism. A few large faults and numerous faults of
moderate digplacement ogcur in the area. Lying unconformably above

the rocks of Silurian age are the sandstones and conglomerates of the
red colored Perry formation of Devonian age. These sediments have
been subjected to much less deformation than the older rocks, displaying
gentle dips and smaller local faults. This formation is derived, for
the most pért, from the erosion of granites as evidenced by the coarse
granitic fractions, Within these rocks are the coarser-grained igneous
masses of gabbro and diabase identified as the intrusive mineralogical
counterparts of the volcanic flow {extrusive) rocks consisting of finerw
grained basalt and rhyolite., Local and relatively small outcrops of
these intrusives are found in the Cobscook Bay area and on Deer and
Campobello Islands, and a larger mass of diabase lies southwest of
Ivbec, Maine. Granites of late Silurian and early Devonian age occur
generally in the northern part of the area.

(3) Surficial Depositse Glacial action in the area appears
to have been intense. The severity of ice movement can be deduced by
the rounding of the elongated rock-cored hills and the polished,
striated, and gouged rock surfaces. There is a general lack of glacial
drift. A relatively thin and discontinuous surficial mantle of till
is found on hillsides and low areas. Sand and gravel deposits are
sparse. Apparently the ice~movement eroded more than it deposited
since its effects were confined mostly to rounding and smoothing the
higher hills. The general absence of glacially deepened valleys and the
thin mantle of drift indicate that very little glacial debris was
incorporated in the ice.

d. Digdeguash Site.

(1) Generale The international nature of the current
tidal power project survey led to consideration of pumped-storage
sites in New Brunswick near the tidal project in addition to the
two United States sites considered during the 1935-37 studies. The
most feasible Canadian site is in the Digdeguash River valley at the
north end of Passamaquoddy Bay. The general project location is
shown on plate 2~40,

(2) TField Exploration. The Digdeguash dam site was
investigated in 1957 when 5 test borings were drilled by Geocon
Limited of Montreal, Quebec, Canada. Two of the three proposed
saddle dams necessary to enclose the upper part of the reservoir
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were also investigated by a test boring at each 51te. The locations

of these borings aveé shown 'on plates 2=§1 and 2«h2, and logs of the
holes are shown on plate 2eli2, - Reconnaissance was Tearried out at the
same time to determite the bedrock gonditions in the réservoir, to
locate embankment and aggregate materials, and to investigate

possible reservoir losses by salt Water intrusion through the reservoir
rim, , :

(3) Site Geolo and Structure Foundations. The dam-site is
located about a quarter of a File above The, Digdeguash Falls where
the river empties inte Passamaquoddy Bayh ‘Bedroek at the dam site is
dense fine-grained badalt which is mmssive and shows only minor
weathering. Some rinor grouting would be required to seal off the
relatively tight fractures and join%s &idsting in the rock, The danm
site is forested #hd a thin déposit of glacial +ill'also partially
mantles the bedrock, This dverburden Wodld be rémoted before placing
the embankment matérial, Where westhering ocours in the upper part
of th¢ bedrotk, a shallow cuboff trench would be necessary. Considerable
rock éxcavation will be necessary in the tailrace arsa below the
powerhouse, This rock; which forms thé Digdeguash Falls, is mainly
a very hard silitebus rhyoilte and is diffiecult to drill¢ Basalt .
will probebly oceur in the powerhousd éxcavatmons with the contact
between the two btybed of rock occcurring betwesh the falls and the
powerhouse site. The bedrock is entirely adequate as a foundation
for all the structures required for the projects Since bedrock is
generally tight with most joints and fractures closed or healed, and
with relatively impervious glacial till in the rock saddles below
proposed reservoir level, salt water leakage from ﬁhe reservoir would
nO’f} be a prdblemo l Lo .

(L) Erbaiicnant Maﬁériaisb

(a) Impervious Fill., Sufficient impervious material
in the form of glaci: WO ¢ available for the impervious core
of the matn dam and for the saddle dams along the sides of the reservoir
basin. The till is found as a relatively thin mantle on the valley
bottom atd on the sides of the valley walld within the redervoir basine

(b) Random Fillo The‘hﬁrucﬁufé snd chanhel excavation
in the dam site arda and in the saddle danm areas Would supply a
mixture of till and rock suitable for the randoin £411 tequirementsd.

- (e) ’erVious Fille Pervious material could be
cbtained from the extehsive gravel and sand terrace located along
Highway No, 1, about ? miles east of the Digdeguash River,
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(d) Rock for Exterior Slope Protection. Rock for the
shell of dams and for riprap could be obtained trom rock excavation
at tvhe dam site and from sources close to the saddle dams,

(8) Concrete Aggregates, Basalt and rhyolite rocks from
excavations for structures and channels at the dam site are of
suitable quality for processing into concrete aggregate. Unlimited
quantity of sound rock occurs in the project vieinity which could be
quarried if required. Ample quantities of gravel and sand suitable
for conerete fine aggregate occur in the Bethel glacial outwash terrace
located approximately three miles east of the proposed dam site.
Coarse aggregate from this source is not suitable as previously
developed in this appendix. Sufficient fine aggregate for a concrete
dam could be developed from these sources.

(6) Concrete Mixtures, All conerete for principal structures
would be made with durable local aggregates, using Portland cement
conforming to U.S, Federal Specification SS-C-192, Type II (moderate
heat of hydration) with no admixture except an air entrainment agent,
Adequate fresh water of sultable quality for production and curing of
concrete is available from the Digdeguash River.

e, Calais Site.

(1) General, The most feasible site for an auxiliary
pumped-storage project on the United States side of the tidzal project
is at Calais, Maine, in the general location shown on plate 2-L0,
Site plan with exploration locations is shown on plate 2<1;3. Boring
logs are shown on plates 2~hl through 2«18, inclusive,

(2) Field Exploration. Subsurface explorations performed
by the U,S, Army Corps of Engineers in 1935 and 1936 were sufficient
for the current survey except that a small amount of additlional
reconnalssance was needed for adequate evaluation of the site
conditions,

(3) Site Geologz_gnd Structure Foundations., Overburden at
the Calais site consists of glacial deposits which range from a few
feet to over 60 feet in thickness. This overburden is of a sandy or
clayey texture and is underlain by granite bedrock. A small amount of
gettlement might occur in localized areas where proposed dams would be
founded on ¢lay and a small amount of blanketing might be necessary in
the sandy areas. leakage of salt water from the reservoir would not
be a problem in either overburden or bedrock. The bedrock at the proposed
powerhouse site occurs at a sufficiently high level for the proposed
construction, and is of adequate strength,
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vl s ?vious .and.. impervions
materisls for: PRODOSE] - A2Ms « 5Te a,yailable .in.several aress.which were,
investigated in 1935» A few of “the. prospective borrow areas are
shown:con. plate 2~h3; other areas: outside‘--oﬁ“‘the:}ilwgdé,ate structure
- S11870f; pda{ﬁé ana for: ;:L rs

5o _,c-mc;-ei;e Agg;eg&tem )
JShe.immediate . project vielnitY-
for congrebe: aggregatesy: : Depogits,
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project area but somewhat furt.her» from structure 1¢ca.1}ions. than the, . ..
gra.rute sourceSo
e : Cones o) ;pwerhguse a.nd
othen, @ﬁm&bﬁ%ﬁtﬂd*ﬁ@e@ mulg bemads xrfith durable, rock: aggregate
uging., Portland ¢enent; donforming. to.UsSs Federal: spegificatbion .
SSCn 92,5 Type 1L (moderate.heat: of . hydration} with.no. qdmix@ure
except an air entrainment.agent.. < Fresh water. of suiteble quality.for,
production and curing of concrete ig’ availahle from 'bhe numerous
lakes in the area., -

Fer. Hﬂf}ock Ha
southwept; ;o:ﬁ‘ ,Lubec

conclusion and, for 'bhis ‘reason > no fur'!:.her investiga'b:.on was made
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i .

8 Generala "As déveloped in appehd:m 12 N yer ...,
Hydro Developments,” sites for the river hydro auxilisry 30 the
proposed rin’ggrnatlonal ':-b_::.dal Dower, project havs. been:-investigated on

.-"Amt:i.liaw

68 investigated dreTide, Rankin, Rapz.ds 9
all of which are een: 2, and 17 ...«

Bxg Rap:z,ds & - and Lincpf"r., _
M.aine . a8 shown on plate 2-=h9o

milea upstream from St Fra.néi
Geology., foundatlon gonditions.,.. )
_o;i‘ these qrbes are. descri’bed m=the i‘ollow*lng paragraphso

southeastern Un:_'bed States in’oe Ahe: eastem' par't- of- Ganada., 121_1;5
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region is a semi-wilderness with no known mineralization. Upheaval

of bedrock by mountain building movements created a rugged topography
which has been reduced to rolling hills extending generally to elevations
of 1,000 to 1,500 feet above sea level with occasional peaks over
3,000 feet in elevation. This topography was modified during more
recent times by glaciation at which time a thin mantle of till was
left on the hills and thicker glacial deposits filled the valleys with
the result that the drainage system was altered. As a result, the
Saint John River now flows in a valley which is 70 to 120 feet above
the preglacial channel. Bedrock is composed of shale of Ordovician
and Silurian sges which is usually calcareous with some sandy beds,
This rock at one time was deeply buried and metamorphism has hardened
the shales wntil they are very durable, These shales contain some
slaty and quartzose zones. Orustal adjustments have tilted the rock
until it is nearly vertical with the strike of the beds averaging
about NSO°E. The present channel of the Saint John River meanders
above the preglacial channél so that rock is usually exposed on only
one bank or the other along much of its present course, Overburden
in this region is of glacial origin, and consists of glacial ¢ill,
outwash materials, and kame deposits. Compact till fills many of

the deeper valleys and conbains considerable gravel and boulders which
were derived mainly from the adjacent bedrocks, Some till was
deposited along the upper slopes of the rock hills but only wvery little
remains on the hilltopse. The outwash materials of stratified sand

and gravel terrace deposits containing substantial amounts of platy
shale fragments occur along the sides of the present drainage system,
Silt and sand deposits below stream level represent glacial lake
deposits formed as the ice retreateds Occasional irregular kame
terraces composed of locally derived gravels occur along preglacial
valley walls, Earthquakes are not of serious concern in this region,
Minor tremors occur from time to time in the St. Lawrence Valley
region to the north and only an occasional earthquake of sufficient
intensity to be noticeable to people has occcurred in the vicinity.

ce Rankin Rapids Site,

(1) Generale. The Rankin Rapids site considered for
development is located approximately three and one half miles
upstream from St, Francis, Maine, as shown on plate 2-L9.

(2) Field Exploration, The Rankin Rapids site was
investigated in 1951 and 1952 when nine test borings were made,
Exploration locations are shown on plate 2«50 with drill logs.
and geologic profile shown on plate 2=-51, These data have been
reported previocusly in an interim report to the International Joint

2-53



Commission by the International Saint John River Engineering Board _
6 April 1953, and entitled "Water Resources of the Saint John River
Bagin." During the current survey, the field work has been limited
to detailed site réconnalssance and extension ‘of 1nvest1gatlon of
prospectlve sources of construction materialse

and. Structure Foundations, At the dam
site,; the Saint &) "Tlows in a northerly direction over a
shallcw gravel and boulder bed about 550 feet wide, The preglacial
bedrock valley exténds under the left bank of the stream and is about
80 feet below presefib- stream level, < In, thie preglacial valley there is
a deep deposit of corpact glacidl silt,” The bedrock valley walls rise
steeply and are coversd generally by a dense glacial i1l with a
terrace deposit of stratified sand and. gravel just above stream level
on the left bank, - Bedrock consists of indurated shale striking

NLS°E with nearly vertical dip and octurs in both valley walls with

an owterop on the right bank near présent stream level, This bedrock
would provide entirely adetuate foundations for 21l major concrete
structures, This rock.is alsc suitable for the tunnel construction
contémplatédo In view of the deep overburden in the valley bottom,
the site is not favorable for construction of a concrete dam, It
is, however, suitable for an earth dai,  The dénse glacial till is
adequate 0’ support dn enbankment of the height considered for
development, using nominal slopes. Over the center valley section where
the glacial silt oceurs in the foundations gome flattening of side
slopes would be requlred +0 insure stability of the enbankment. Under=-
seepage would not bé a prnblem in the glacial +i11, but cutoff treate
ment would be necessary in ths sand and gravel terrace deposit on the
1ef'b baﬂko R S .

, The spillway Wbuld be located in the west abutment of the dam
with a lined discharge channel extending down the left valley wall.
Preliminary exploration in this area consisted of a single boring,
BHi-5, which penetrated five feet of compact glatial till over bedrock
composed of disbase with numerous shale inclusiohs. Based on results
of this boring and geologitcal reconnaissance of thé immediate vicinity,
it is congidered that bedrock would be strﬁcturally adequate for foundation
of this spillway and channel and would. occur at suitable location and
elevation for progect requirementso ‘ . _

The intake structure would be founded in rock on the rlght abute
ment with exposed penstocks 1eading to the. powerhouse recessed into the
valley wall, Thé powerhouge tailrace would be ‘in a bedrock channel,
Subsurface explorations corducted in- 1951 were made at lower elevations
than presently proposed for development of this site, However, based
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on results of these borings and a geological investigation of the right
valley wall, it was concluded that bedrock would be encountered ab
shallow depth below ground surface and that this bedrock would be the
 same type of indurated shale as found generally throughout the project
‘vicinity. Consequently, adequate foundation for all concrete structures
appears assured.

Two 2li=foot diversion tunnels would be located in shale in the
right abutment. This shale is hard and dense with little alteration
showing along cleavage planes and joints. Since the joints in these
shales are relatively tight, very little grouting should be necessary.
The tunnels would be excavated in a direction which is nearly normal
to the strike of the steeply inclined beds which would tend to
minimize overbreak,

(L) Enbankment Materials. Materials existing at or near
the dam site occur in suificient quantities for construction of an
earth dam. The glacial till is an excellent material for the
impervious portion of the dam, having high shear strength and low
permeability., The terrace deposits of sand and gravel are well suited
for the pervious sections of the dam. Rock for slope protection can
be developed from boulders in and along the stream channel, from
proposed structure excavations, and from nearby bedrock exposures.

(5) Concrete Aggregates, The predominant native rock in
the vicinity of the proposed project is shale, and the overburden
which is largely derived from it contains numerous platy fragments.
Preliminary reconnaissance indicated that these shale rocks and the
sands and gravels with substantial amounts of platy fragments would
‘not be suitable for production of durable concrete aggregates., The
nearest known sources of commercially available aggregates are the
limestone quarries in the vicinity of Presque Isle, Maine. Trang=
portation would involve a rail haul of more than 80 miles, including
gbout 3% miles of new trackage from St. Francis, Maine, to the project
gite. Outcrops of granite at Deboulie Mountain about 12 miles south
of Rankin Rapids were found during a field reconnaissance for a nearer
source, Megascopic inspection indicates that this rock is suitable
for production of good quality concrete, Preliminary cost analysis
indicates this source to be economically feasible for development of
aggregates for the proposed proje¢t although the quarry site is now
accessible only over logging roads,

(6) Conecrete Mixtures. OConcrete for proposed project
structures would be composed of coarse and fine aggregate produced
by quarrying the granite at the above-mentioned Deboulie Mountain.
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Portland cement conforming to UeSs deeral Speclflcatlon 58-0-192,
Type II (moderate heat of hydration) would be used with no adrixture
except an air entraifmént agent. Frésh water for mixing and curing
concrete could be obbained from the Saint John Rivers

de Blg Rapids Si’be¢

(1) Gensgala Réglonal geologys availability of embankment
materials, and concrete aggregates are substantially the same for the
Big Raplds site as stated previously for the Rankin Rapids site, about
13 miles downstretin as. indicated on-plate 2&L9, - Conditions per%aining
specifically to the site are. described in the folldwing paragraphs,

(2) - Field Exploration¢ Field exploration consisted of z
careful site reofinaissance and edght core borings to determine .
subsurface conditions. Dfilling and éaMpllng tag performed in 1957
under conbract by Geocon, Ltds, of Montreal; Quebec, Canada. Locations
of borings are shown on plate 2=52 with bormng 1ogs and geologic
profile oh plate w53¢ . | |

(3) Sige, Geoloa..andtStru-turerFoundatlonsp The dam site
is locatéd in a larze d in the Saift River where the stream
flows in a northerly direction as 1t approaches the proposed enbankmert
centerline and turns to the east beyond it, This location is about
six miles upstream from the confluence of the Saint John River and the
Allagash River and near the center of a Boulder-choked rapids section.
The borings show that the preglacial valley is under the left abutment
where the shale bedrotk was located over 100 feet below the present
stream level. This preglacial channel is £illed with dense till
containing numerous bbulders and cobbless Over 200 feet of this
t111 is found immediately sbove the old channel. The surface of the till
forms the left abutment on a fairly steep slope and rising to
elevations considerably sbove the proposed top of ‘the dam, The present
gtream is slowly degradlng its channel and since bedrock is exposed
on the right bank;, it is shifting towards the 1efb bank and eroding
the less durable glacial tills -Cobbles and boulders up to 5 feet in
diametér eroded from the $i1l Rillside choke. the stream and form the
long rapids sectiom. On the right valley wall where the project
structures would be 1ocated .the borings encountsred shale bedrock
from 13 to 30 feet below the ground surfhce, THe embankment for the
dan would be placed on impervious i1l #ith the exception of a few
rock ouberops along the right bank, 5 shellow cwboff through the
boulders, cobbles, and gravel would be nacessamy only in the stream
valleye ‘ .
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Advantage has been taken of the bend in the river to locate
the spillway approximately 5 mile east of the east end of the dam.
The spillway crest structure would be located in a gaddle where rock
is outeropping. The unlined spillway chute would follow a northerly
direction along an existing small drainage course running over
glacial till. The lower stilling basin would be excavated in rock
which outcrops along the bank of the river at the lower end of the
spillway. The diversion tunnels would be located under the ridge which
forms the right abutment of the proposed dam and would be driven in
shales and shaly sandstones entirely adequate for the 2L-~foot
diameter proposed. The alignment of these tunnels is in a northerly
direction and excavation will occur in vertical beds striking
N50°E. The fractures and joints in the shale beds are mostly tightly
healed and only minor grouting would be required, The proposed
powerhouse and six penstocks would be founded on entirely adequate
shale rock on the right abutment., The powerhouse and the outlet
portal for the tunnels would be recessed into the rock abutment area
about 1,500 feet from the present river channel. A% this location
the powerhouse foundation would be nearly 200 feet below the present
surface, The slopes extending from the ground surface to the powerw
house would be mostly in rock which would stand on steep slopes due
to the vertical dip of the rocks and their hardened nature, The
strike of the beds is at an angle of L5 to 50 degrees with the direction
of the outlet channel for the powerhouse and outlet works which
would result in repeated offsets in the vertical beds encountered
during excavation.

e. Lincoln School Site.

(1) General. The Lincoln School site would be developed
as a low head project which would operate in conjunction with the
Big Rapids project as an auxiliary to the proposed international
tidal power project. . The site is about 15 miles downstream from the
Big Rapids site and aboubt 2 miles downstream from the Rankin Rapids
site as shown on plate 2-49, Regional geology is substantially the
same as previously stated for the Rankin Rapids site.

(2) Field Exploration. Field exploration at the Lincoln
schocl site consisted of site recomnalssance and three test
borings. Drilling and sampling were performed in 1957 under contract
by Geocon, Ltd., Montreal, Quebec, Canada. Location of borings and
boring logs are shown on plate 2-5l,

(3) Site Geology and Structure Foundationse The dam gite
is lccated along a straight stretch of the Saint John Riwver where it
flows in a northeasterly direction., The rocks are dipping about 85°
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northwest and the strmke is: NSO“E or’ appraxlmately parallel to the
river. Bedrock outerops. along both banks of the stream and since

the beds are nearly vertical, the moré Pesistant beds are. found

along the banks of the river and the less resisbant beds ave beveled
forming a series of steep steps above and below stream level, Dense
glacial till, 69 feet deep, was found overlying bedrock in a drill
hole near the center of the present channel which lies above the pres
glacial channel, A thin layer of gravel and cobbles forms a bar in
the channel below the centerline of the proposed dam site. From 15
to 30 feet of glacial till and berrace deposiis cover bedrock on both
abutmentss The embankment for the dam would bé placed on -impervious
glacial till which would require a shallow cutoff through the weathered
and gravelly surface layeis, Bedrock along the river banks is
relaﬁively unweathered so that careful scaling would be sufficient
preparation for the embankmiént £ills  The spillway chute and stilling
basin would be locdbed on the right abubment where they would be cut
into competent shale bedrock. The powerhouse would be notched into
rock 1n the left valley wall at left end of the earth dam, This

rock is strong and will stand on steep slopes, , The steepness of
these slopes will vary to a small extent due to. some differences in
the hardness of the beds and to:the different dmreetlons of the
excavabion in relation to the gtrike and steep dip of the beds.

- (i) Construction Materialses The tineoln School site is
only two miles downstream from the Rankin Rapids site in a portion
of the upper Saint'John River Valley whéré available construction
materials are essentially the same as previously deseribed for the
Rankin Rapids development. Ample dquantities of compact glacial
tilly suitable for impervious core of an earth.dam, and granular
materials suitable for shell construction are awailéble close to the
dam site locations, Local rmatéridls are unsuitsble for conerete
ageregates. The nesrest source of satisfactory aggregate is the
granite at Deboulie Mountain approxlmately 12 mmles SOuth of the Rankin
Rapids site as previously désceribed. .
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veutical shoar bione, sticken. ) massive 305, broken s, dimpgdialoidal strvchume 990 309 hooiee: el di’f:;‘i’::fh * . 7 |z
sidles olng bedding slaes. GRAVEL, boutdery with core $-91 7 with 1t green amygaiales, groers om Sl . - 384
Core dorglhs Q109! COBBLES, s0ndy $/4fy. seoms parfly heaied witkh O ond e, RHYOLITE FL Oie ERECHAonse R il corme g
Cors recovery 98% Heord, grey, 5oy fenses CAICITE and QUARTE, mony Grey fo purple, some CALGITE o s ;2: o SO infer:
-6 ks o Frastess, sement. hrpken oong frocluned Ceted M-’*”"’ i
194 L] <o J -aa3 |0 6870 poorly comented, - 924 Mm“"";’ 7 bering
gLy ey % SRALE, biack, brittie, indorated t'fr:;f:‘.:j’ i aggmw
! . ond $Ioty. Low onglo bedding some Flaw steucturs and
~76.6 —1850 Ll planes, somwe jointing, core —12a9 CAULATE prgatod fractores, 138
BASAL T, cloek cnor, Fine. groved, Joss matoly in Mhis 200, 158 mﬂfm‘pvm inelsions,
, dense, somewha! fractured. ~855 [—{eon & 1o Brown iaolusions.
_] Cove recavery $E Y Lo crconery SE5IE amygebloidal JOS I8 Lore assaviery SELH . Cove recovgty K5 % SHLE b oot ory beaising REFOLITE, rect. Brow. y
-722 “gas 50.1 917 Cors recovery 239% J J aﬁﬁrx» ’,";9’?’”&”’/” - Finaly cryshallin, massive,
- - - L I - ;i - - - L aond fartly porizonfal seamsand,
1000 63z 1003 Hiog? oo Lz 996 —izzs 800 25 o bttt fow agle 1526 e S mfzx
Froctures, fossiliterous 962 AASHLT FLOIY BRECCH, maliis
oense and,
Lore recovery 68 % J;r;'”mf ﬂ::vm: :r:m/
Povironkal braaky in core.
Core recovery SA705
LEGEND
171 H Elevotion in feet,m.s.l
S-11 5-12 S-19 5-15 5-16 S-17 5-18 5-12 . !
ELIZO EL289 ELI5.8 EL.285 . ELI40O El..as.g EL‘ZS,:,J EL‘ZB(SG 1.0 Depth in feat
o ] 0 o : =%, rersa .
& ] o () Basall BOLLORRS oo SRasEl, B aret o sty 0 Ll ot i 387 mRi0 o5k 20fml 20 -’- s e TOPS0L [75] 7mosoir
4! ¢ SANE chzmy silfy (RILL 0 souisery (THL). o
-08 s 74 oy (7). oF| ~ GRAVHL, sondy 2 " oW o/ or s (el
-ag N [ e B ook ot e 1 ol 4K 7 ANDESITE groy, green and VSIS ST o toctori oy STHISI, groanish groy, dense. fif‘iﬂ%ﬁ;” s fii‘ﬁifa‘i,‘:’;‘;’? i 1 jwf o e jw {;w o) )
o ;i = ,;ﬁw;ngafﬁ;wﬁmm Yo 0 6\ 3re ot grovelts sanch: puole Toroiish ens lnse masssve waothered s, m;i_m.o shructure ’ plases vetical o 20° From oa brmkun cons f5 ;a'.zmm |GP | Grwe/ or Sty Grov { poorly groded,
- gk Orgle Frocturey some lense, massive, mony . . . rarfical fo 2% rom verlicol, verfizal, massive, sorme verficgl z igh amgle frochines, i ;
. mi'ﬁ;:gf’fz ;??;t' dures. BASHT ok grayconse Hiah Show alferolions seew! ggﬁg{ ¥ ; Z’fjf le'? .’u”wi.{ymymlbv ;:;i.:éﬂg&’[:m amygdoles Slighlly weolhered xxﬁﬁ:ﬁmﬁ: g CALCITE feciod seamms wilk Donded roms, ecaaonal CHITE F-gaale,: Fooms E‘i Sitly Groved ot Sifly Serdl Granel
RHYOUITE FLOW BRECCH, rnp o st o s, CHLCTE pooied oo, sl 525 Bl E82 coas guovetsy st fwffw‘?!iﬁf;? . Foww breccic s 2877 e S ot ﬂ;mﬁlm’yz piind Hroiighoat, some ofiewlion SC| Cloyey Grou or Clayey Sarcly Srovel
Fatddd bl =S| 5 1 . Aoring olle: - oo ol : s
~3ag|—us oGk bren and dork gray. 4ittle meathering or jointing, shratctors of Z5*0 3O From _gey BF| o1 GRAVEL with COBBELS and BOUIDERS. with o fractunts hin Bk frashe indutoied cmpgdaRidal rones belove 907 SW| Sond or Gravelly Sand (welf groded
anquiar fipgments, dose will SIS CONE horizontel. e SHALE groy o pink, dense, mech SHALE rorsss, some ferizontal o
compnted, Fracluiod, nith ) gray Fo pink, cense, i . 3 - 1, | SP
O et Tz || et with gehEoe ol Jouting ! 5P Sond or Growelly Sond (noorly groded]
-89 g dangy, fochred 192057 stveire (RGILLIE Jond some TSR 727 SM| sty Sond or Sitty Grovelty Send
RHYOLITE, toct brows, dlnse, foliohion ol 65°he 70 rommehar  [564 =622 [—{762 13M]
Froctured, grades infe SOHIST RHYOLITE ol fo pusrpl, lerse, BV L, redl cense, weolhmrod SC | Lloyey Sond or Clayey Grow Sond
massrer o Jroken cove, racforsd, qredss i ey ey
Tt i oo ot ezl 75 [N, ety v | S Sorety i Groe ik or
-lraglnz hes. Py 7% SCHT, dock Guay. areciim Ao andl beitlle 7100, siicken- ‘?:'fsff Zm'}eifm% “"Sf.fi‘}; | Satemessaus Suils
RHPGIITE FEOW ERETCIA, Core racomry S85 7 Coie recovely 327 % fine-groined clasely spaced sided frochures 100103, I Ay sl id \CL | Zeon Ciaps,.Soncy Cloys, Grav: Cloys
huilhbeie -g00—lgz7 f{g;f%_”wmﬁ i Frow breccia aanes J034PBS: Lot 920135 covsevor Core pocovery 108% Cor recovery SIEF Gove recovery 925% oL| aranic sires, tean Omanie cloxs
T T ks brrongle foints ficxtaring. briitie Zones massive Core recovery 329% slickensidod seam. ol e SHES, Diof
& RHIGLITE roet Seown, s, 9D fady LS HEE “ —goald - _ " |™) Soits or fraskic Silfs
1502 Fneoiaes boriosred ond -igaz Ldiran JETYIe. I (TPPY g ¥ _10co s 998 L1138 Core recovery 3% 2010307 1021z gg.5—izes TRl ok Craye
opgle fhachires. Core rocovery 864 % —
590 FLOW BRECOA, recidish andd |OH| For Orgonic ctops
i,:,.m,, g;ﬁrﬁwwx ol PT| Peat Numus ond other Orgaric Seifs
e joinfs,
L SHALE, purci, fmmﬁm'mfafm
medivm hord, fassiliferpas.
Corn reeovery 93.0% NOTES
$-20 S-21 S-22 S-24 $-25 5-26 S-27 5-28 5-29
EL 128 EL.396’-\ EL4504 ELBB..E ELZS.g EL.ZﬂdI EL.eeba EL.I-ELg EL.22§ V= Soifs classifcotion bassd on field
axamineFicn.
N 05 70PSOit M ™ 2 :Ia‘s TORSOIL Wit GRAVEL DIORITE dockgray with ivie 575 [PB_T0PS0AL 02 F L& Yorson
. FELOSDAR, trodism-fo-coaise. B Erpionalion conaueled £ran Saad 95T 10 S (958,
. ined) denso. i g ) . S .
SCHIST, with 2a0as of nearly BASALT, dork gray, fine- DMABASE, darl"qmy fo qmmm" SCHIST, groy fa light groy, QUARTZITE, tight brown fo i g,f,%, m;'-,;n ':,”,If,. m”;:w ,;Z RHEYOUTE, siliceons, gray fo BASALT, groenish groy, denss, BASALT with DIABASE 20res, 3 = Seale: i verfical < 20!
verficol foliofion dock gray fo Groind, rely- fing groined ond cense, k¥ bondds Fngprained and wttferofion and oceasionot black, very Fine-grainadand Linegrinacwith Shecr Fones, darkgray fo darkgraon S8 fa 4- £ fion oot o Prate 3-2
Lad  groanish grop, sificecus,ckase Soams ondd Broken covs f0 160" dense, ;o:m&r oot oot varlial schishosily with nss, beciding plones 35°Fo Shokensice, mossive delow JOT dlonse, brittle ond Fordwith vusothered and open fiodfunes mectium-groined, severol xploration [ecations shoms or Pla
and Fine-grotnd, tuilfie ranes, Below 160" Froctured along Liight, broken core fo 155, parolis! heated LA[CITE ond Tomfrom borizontei, prittle w3451 ~leag i brofen corp ondconsidenoble 1o &5 many CACITE filled CAULITE pacied Froctures 454
fow shoar pianes. Bodly verticol and Jovrangle seoms maossive 150154, QUARTZ shecr plores, some wilh COre brokon oerass bedsing, BASALT, groy finegroimddense, core foss uppar SO of hole, faliotion planes and BOTsive O From porizontal rmossive,
Broken core 67100, A e aleraian aiteration elong rondom | rmany slichensiciad ufoces, froctured end heoled with highangle foliction plores, btow 25, occasiom! rordim P
Soams af 83124  From I8 e healed ond open Hore CALCITE, sevens] offered seoms. Bigh Cagle joints showing fornls, pumerous oore pieces terglls from L fe 467
ta 198 ;fmm" 9mdﬁ_m 3?3!317 m./um;:y :4 with fight =484 [—735 alfefmf,'m W shickensided T feraths from 10°Jo 66
greenisih gray massh 4 O Fine Furfoces
- 44789.0 L_ 1] || qrom:a‘ BASALT L.} L. L, L’-
) b P DIORITE dorkgroy with pink
DIABASE chork groy, massive, ’k\ FELDSPAR, méchiim fo coarse: T
AT G, cense. . grained, dense, jilHe meatinering,
—122) {360 Eriftle,varficor soms show soms
BASALT, block fo Sork gray, olferotion and occasionol
fine -grained fo glassy, Shrckensict massive betow 07
siliceous, many high .
angle Freolures,
Cone recovwery 5042 Lore recovery $7% Covr recovery 98 % L Cors recovery 89 % Lore recowery 335 % Core recowery 39% L Core recovery 84.3% L Core rocovery 8% &are recovery 99 %
1500 b= 1529 —1000 “h393 wip0g a5 -0z = 1904 -89 )P4 oo td)zs —4g7dnae -1505 —1paa ~1000— 1220
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5§ eregrapr

442545

&YLOII0"

B7A01-00"

BH.00% 80"

SAn 58207

A4 541 0%

445410

ast-54 00"

B72.01-20%

AT-01-100

SCALE IN FEET

PLAN

200

a

200

BT501- 008

87400'50"

1-5-1 I-§-2 I-5-3 I-5-4 I-5-5
1936 1936 1936 1936 1936
£L.121.8 EL. 923 EL. 90.2 EL 816 EL1122
PRRGRAVEL LY SOIL. PR, SOIL STIEF CLAY Soring) Pt SROHA SILTT SOI {wask baring)
b SOFT BROWHN LAY
wash boring)
R Solid but mech froctferad
. dense, hard green-black,
Sobi Butvesy mvch frocterad, | | Solicl but bodly Froctursd), f.‘”d%’”‘}m fractured Aecovery incoriciusive Bodly DIABASE (Trop reck). Ko
Fense, hard grren-block danse bord gray. block anse JULY (camented frochurad voriably hard and evidence of lome open fissures,
DIABASE (Trop rock). Mo DIAGASE (Trap rock). volsanic ash ), pinkish white, very sof? foull zone DIABASE but smoll woler siziced
avidence of lorge cpen Froclarod as in 181, The Taxture iy schistose rosulfing obligue froclures o spaced
Fissures, but closely spoced racovered core is dense, from chamicol offeration of of £7A0 18" Fhrovghout. The rock
arf (147 Jobtizue Fractres tmicrocrystaltiing and hord & sheor shaftered xone. i7 oiso horycombad by clozed
ore present Mroughouh whick Hrroaghout, bat is Sghty Aair frpcluras secled by —
are gravnd-waler stained or soffer below Flex 1650 mineral deposilion or wil
MNSrofizeet The rock /s ofso Solid but badly Fraclfured stick chioritired faves. These
Aonegeombed throughout by silicified SHALE groy soaled frockres commonly
seated Aair Fraclires mast Recovary i e, — opened Sluring dritling o
of which seporote during ™1 Sokiat sert pmsch — Boflom of hole fost quorrying. There it evident —
ritling. o (Care recovery /9%) decrease in e secied ond
iy L shottered and recementad, Fhe opes froctunas with depth
S— Boftom of hole — Boffom of hele
fCore recovery 6%) { Core recovery 4%} L -~
~— Botfomn of hole
J (Core recovery &1 51 J
—— Botlom of hole
{ Core recovery 57 %)
M-3 M-4 M-5
1274757 1153057 L1/27/57
e 7T 0
PEAT, s1ify
BASALT, grevn-block. dense
Line.grolned omygdaloidol.
Loptoing weolharsd fraclures.
BASALY, green-block, very fine. | 20
— qroinad] dense. Numerous
tnciprent poiriine frpclures
BASALY, grran-black very show chioritic focas o frochurs
flnegroined, danse. fasily aanes. Some [ractures cre iron -
shotfered omorwus icinient ‘ond manganess stomed. Fock  ~] 40 1
fures throvghout rock close fraclvesd throvghoot Core w
seclion. Froctures show BASALL, gwan. Sisck dorse, bealy broken. “ s
ehloritic. iron and mangonese very fine gromed Munerous
Shainad foces. which ore incipiant hoirkine fractures E
. Fhroughout rock section. [ - 60
i iyt /”"2:: " Chicritic sheen and iron P
(i s ” Srair ebserved on fraclure RHYOLITE F. irvad
fones Care booly broken SULDTG, Lomagraiont, s o &
& v Fexturad Consideroble number w
of colcite-Ffilled fraclores peor | [=]
ondt af uppar confact. Loner 80
a8 orpgdoioidal Core
Lairy mossive.
e U susiir siock; wry fine groinest. — 100
ey e
¥ (Core recovery 7524) (Core recovery 69%)

CRESCOOX gAY

20

80

80

120

IN FEET

DEPTH

VICINITY MAP

SCALE IN MILES
1 [:] 1 2z 3

LEGEND

Topsoil

Grove! or Sandy Orov. (weli groced)
Gravel or Sardy Grow (poorly grodée])
Sitty Grove! or Silfy Sondy Grovel
layey Grox or Ceyey Seady Gravel
Sonrd or Grovelly Sond (wei groded)
Sand or Grovelly Sono' ((poorly groded}
Sitty Sord of SHty Grovelly Send
Clayay Sond or (hapey Grov S
SIS, Sondy Silts, Grov Sitts o
Diafomoceous Soils

Lecr Clays, Sondy Clays, Grov Clays

Orpanic Sifts, Lean Omganic Cloys
M Silky, Diok

Soils or Flostie Sifts

Faf Clays

Fat Onganic Clays
Pecl. Humus and other Organic Soils

SYMBOLS

NX Diomond Drifl Hote.

NOTES
Exploration dotr for holes 15V fo 155
incl, oblolned fram /936 racords.

Soil dasignation of 1936 holes rot stondard
classificolion.

Elevnﬁoﬁs are in faet, m.s.d.
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E 904,000

PLAN

SCALE N FEET

200

[

zoo

400

M-7 M-8

1272457 16427757 1

M-9

22457

Fo orgiliite. Rock easify
broken clorg 1153/ planes.
Core badly broken fo 2287

T Botfom of hole

SHALE, block metomorphosed [

SHALE, block. dense.
mefemarphosed foargiliife.

LIABASE, fine-groined, dense.

woothered froctyras of obout 45+
From vertiol. From I78-28.0°
core 18irly mossive with fow
weathered froclures. From &80~

Vool GRAVEL, fiv fo medium, o

From Z28-114" core broken with — 20

{&ore recorary 73 35} RPosk sarily brokes olong 65" core massive. —1 40
- fissile plones.
3
=@ —
A SHALE, black, motomorphosed  —{ 6O
= —
DIABASE, froctfured.
grainedaray-green. S goyo
Botiom of hoie { Gore rocovery 98 %)
(Cord recovery 6/%) - 80
M-I0 M-21 §-22
11725457 12/5757 11/18/57
m\ S/LY, sandy, clovey. o
~
J - 20
DIABASE, gtoy.black, fine DIABASE, gray black, mediam- DIABASE, gray-black, medium-
To medim-groined, Broken Groined. dense. Lore genorally qroined, denss. Core hroken by
Core with aocihered portially TarSSTve with > thared ssoms from sutfocs
goenad frocluros from QO1EQ| walcife-filled fracleres of o IO Cors massive From - 40
Lora massive from 16.0°324! A0 From warkicol Few oen Pt Woc i
Saveral parflofly opened wectherd !ho\gfum from
weathered cofcite-filled surface fo 64 Jeveral coe
Frochures averly variicol from pieces over 40’ fernth.
JeL 387 Core massive — 60
from FE7-B9.5:
L L
— “—Bottom of hole - Botfom of hole
( i { Core racovery 1003) { Cors racovery 37 %)  ag
f
N4 A 100
o~ P
S A
————
s ~— T
-{120
o —t40
3
s N Bottom of pole
- [ Core recovery 9875}
z
~16Q
£ 908,000

IN FEET

DEPTH

IN FEET

DEPTH

VICINITY MAP

SCALE IN MILES

LEGEND

[15] 7eosor

s

GW| Graves or Sondy Grav. {wali groded)

GP | Grovel ar Sondy Grov (moorly groded)

GM | SifYy Groves or Silfy Sondy Grovel

uG_l:_ Clayey Grovel or Clapey Sandy Grovel
|SW| Sond or Growveity Sand (wall graded}
ISP | Sond or drovetly Sond (peorly groduwd}
SM} Sitty Sand or Sifly Gravelly Sand

SC| Cloyey Sond or Cioyey GrovSepd
as

Silts, Sondy Silts, Grau Sifts or

| —| Diatomoceous Soils

CL | Leor Clays, Sondy Ciays, Grov Clays
OL | Orgonic Sifts, Lecn Orponie Clays
MH Micaceous Silfs, Dictomeceous
|— soits or £lostic Sitfs

CH| Fot crays

OH] fof prgonlc Cioys

PT| Prap memes ond ather Organis Soils

syMsoLs

@ 55 Blomond Dritt Hote

NOTES

1 = Soif classificotion boted on Freld
axgmingticn,

Elevations are in feet, ms.l.

INTERNATIONAL JOINT COMMISSION
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MAN OF WAR HEAD
Interngtiona! Passamoqueddy Engineering Board

GCVOBER 1958 Dwg.Ne. TGT- (3

2-65 - ~ PLATE

2-7



NORTHWEST

E 200,000

!

.90”‘0

DD N gt P

HARB OUR

" PLAN
£ 898,000 £ 900,000
SCALE IN FEET
200 ° 200 460
M-13 M-14 M-15 M-18 M-i7
14758 (2720/587 . V9758 176258 12719457
g Lo i 2
c\.' CLAY, gravelly, icon. Ws,wo, ity
DIABASE, groen Srack mearin- LIABASE, green biock mediuny. DFABASE, grean Block, rmadiem. DIABASE green-block, medivm- DNABASE, grasn-B10ck, Fine fo — 2¢
Grolined, cense. Cora massive Groingd, dense. Numerous grained, dense. Nurhierous grainsd, denze, Numarous medivm-grainad, dense.
wilh lengths up fo 6.07 harizental ard high ongled weelthersd fractures of waolbared fraclures af 4530° Contoing fave freclules ot
Qecosional open froclure weoothered frociures from I5B0° from verficel. From varticel From 31458 | #EFO from verficol Core . ¢
Yhrovghout depth of hole. Serfoce fo S507 Fow such Faw such lravtures From Foirly mossive. -
Froctares from S5G-1024! 50880 Core 826860 ~ 40
badly broken,
— €0
— Botlom of hole
{ Core recovery 94/ %)
-—1 80
~— o
Botloar of fole
{tore recovery 5575} .
- ~100
TE="Fottom of hoie
{ Core racovary 95.3%)
~12¢
" Sortom of hole N
{Core recovery 977 %) 140
“—— Bottor of hola
{ Cove recovery 2827) 160

DEPTH IN FEET

N 426,000

N 444,000

VIGINITY MAP
B SEALE IN MILES
DR R

LEGEND .

Fopsoif ’

Grove! or Sandy Grov (welt groded)
Grevel or Sandy Grov fpeorly graded)
ity Gravel or Sitfy Soncy Graver
Claysy Grax or Clayey Sondy Oravel -
Sand or Grovelly Sand (well graded ).
Sond or Gravelly Sand {poorly graded)
Sitfy Fond or Sitly Grevally Sond

Clayey Sond or Cfayey Grov Sord
&ilts, Sondy Sifts, Grov. $iits or
Dictomoccovs Soils

Leon Ciays, Sandy Tays, Grav Tloys
Crganic Siths, Leon Onganic Soys
Micocwows Sifts, Dictomacepus
Soils or Elastic Siifs

Fat Cloys
Fal Qrganie Clays

Paal, Humus and ather Qrganic Soils

SYMBOLS

@ - MY Diomonc Drili Hole

NOTES

Eojl clossificaltion bosed on fiald
axemination.

Elevations . are in feet, ms.l.

INYERNATIONAL JOINT COMMISSION

PASSAMAQUODDY TIDAL POWER SURVEY = **
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SUBSURFACE EXPLORATIONS

NORTHWEST HARBOUR
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250

W,  BETHEL :

NS o St Gaorge_————
° S M
.

PA-1 PA-2 PA~3 PASSAMAQUOGEY
1072957 10/38/57 10/51/5T gar
EESOIL TOPSCIL o
) oM | GRAVEL soncy, sitly Grdes It sondy
GRAVEL, vandy. Cantains it ol Sond. GRAVEL ey Caniits fing
Faw bowlders. Fo coorse graved.
sp | SAND. grovelly. Contains SAND, corse to ine sond . |10 1=
GRAVEL, coarse. Consists some cobbles. with smolf grovels from 80" (1]
procominontly of cobbles 1R0: Fing seid with few thin e
and boulders. SHT sandy. Lanses of ifly, fine sond fram VICINITY MAP
. . [RGB Thin st} fense of ST5! = ——
SAND sitty, vory fine. hd —2n =
Beadders SAND fins to medium sand it SAKD, aiify, fibe. SCALE 1N MILES
Fhin fensas with eccasional L Jandy E ; ; 3
1hin fonse of coarse sond ond SaND sitly fine. e ° 3
Arw pebbies. — Wt fadle KIS 10 ut
S—"Water foble 1OF3057 7] LEGEND
Yopsoil.
—40 Gravel or Sondy Grav (well groded).
Gravel or Sandy Grav. {poorly groded).
Sitly Grav or Sitty Sondy Grovel.
PA-4 PA~5 PA-5A
&) 5 4
Q35T V172757 1174757 Clayey Grav or Clayay Sendy Grorel,
DIt ToPsoIL 0 Sand or Gravelly Sand (well graded).
GRAVEL, sitty. GRAVEL silfy _sondy.
ORAVEL, sondy.Contains cobblas BRAVEL, Mndwa_szon?:;n}s gfd VEL, wanoy 'i‘:,;n n)‘;;;;v E Sand or Grovelly Sand (pooriy Qraded).
it A, LPErOUS o5 o, ow . .
G boevions! smatl ;07;';’ e, ap | e et ond & 1o i Sitty Sand ar Silty Cravelly Sand.
’ ~— Fetusci Pos . Sondd contant w Clapey Sond or Cloyey Grax Sond,
increases with depith. z $i14s, Sonay Sitts, Graw. i3, or
SAKD, gravelly. Fine fo coarse Diotomaceosus Soils.
SP | sand with Fine grovel. N aronar 20 E Leon Clays, Sandy Cloys, Grav Cloys.
ﬂ] Organic Sills, Leon Organic Clays.
= Caving =] Siths, it Sotls
or Elaslic Silts.
30 Fatl Cloys.
Fat Organic Ciays,
Poaf, Humus ond other Orgonic Soils.
PA-§ PA-T PA-8 PA-®
11/5/51 1146457 \¢7rs7 167 7/57 o
TEPS0n S ropsorr TOPIOIL {Joesere
GRAVE(_sitfy, i H GERAVEL, sondh. Contains SYMBOLS
GRAVEL, sandy. Contoins ff;”ﬂ.«?nd:} Cvaf?mfes et ;aw .aw:alf c?bb/a.r.
Tow pobblas, G| DECATIONOF Zmud) vitdler, AND vary fina. SAND, graveily Sand . .
S Has? of cobblas fram 130-H0} ﬁ GRAVEL, ety Conth 5P| o y coassawits _| 1o | (D PA= Powar Avger Boring
R ectivm gravel, an ocrasional cobble, Fipe fo medium grorel, 1 Ll
Rock Ridge GRAVEL, sondy, Confoins few [ SAND_madivm o fine. w
cabbiss ond occasional H GRAVEL, sandly. Cantaing Fine w NOTES
maff Soulder. gravels. =
SAD: medium 1o F1nE with TAKD, grivelly Srovel content 74 51 SonB, conrse. J20 2 -
innc! pebble. SP o b - 5 rens - \ - Soif classificofion bosed on
360 SUT and SAND Lonfaing , Sanay. Sond cor Field exominafion.
alternating thin beds of aP ?@Mﬁs itk Faphh. t
Sl end frne sond. ontoins few cobbles. 20 g
g s fm::,”" h SAND sifty Fine E SaMD y;Dﬂl_-fl}eWiﬂmﬁ) P
Covin Sand with faw cobbles,
4 Halter foble 117557
—40
PA-10 PA-L1 PA-12 PA-13
117 8/57 11£12 /57 11712757 /13757
TOPSOIL TOPSOIL ; FOPSOI TOPIOI
GRAVEL, sandy. Contoins SAHD, grovally. Somd GRAVEL, sondy. Contains
:‘:‘5"""" incntly coorse wilth L E
~Surierany geoTA ror btk sompie. Fine fo medinm grovel, M/mwm/#ﬁrm&mpaj bt
GRAVEL, sondy Contving some . . [
5P| Cont o omet accossaner R s W, 10
Soulder =z
- 4
20 % ) i
] Elevations are in feet, m.s.|.
e o -
- Caving
—30
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SCALE IN FEET .
e SETHEL TERRACE

200 o 200 400
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100

Grovel Pif

PLAN
SCALE IN_FEET
100

200

Grovel FPit

PA-5
©

17
TN
ii N
i A\
{ u
I\
W
\

1
Y

\ < L

]

=

TPl T TP-3 TP-4
1938 1935 935
EL.1610 EL137.0 EL. 96D o
TOPSOiL [~ _roeson
(L] e - v iy
GRAVEL sandy, 3iit || vz, sandy. sitty on| 52 mﬁ g4 "
sand and fine grovsl.
sp| SAND, grovery 10
SP| SAND grovelly
sp| A0 grovelly, contalns
affernating bod's. of sardy . =20
o iy sOnd.
grovel andlgrovelly so N Battom of fest nit = Botrom of test pit
- 30
N Gotvom of fest pif - 40
PA-] PA-1A PA-2
10417457 0717757 10/12/57
ELI233 EL.IZ3.8 EL.IZ6.7 o
TS| 70Ps0iL TOPSOI
° SAND, grovelly. Contains
ML|  $/LT sondy P
| SAND, si1ty, fine fo vary fine. _
58| SAND, sy fine. Contains  lgy| Contains occosionol smaoll 110
SM| N occasional smali bovlder boclderand, p.bbl;: and
SAND ail; " some thin fenses of olgy
Vi Line and sitE SAND, grevelly. Contains
£33 SP{ St b maiom growsand | 20
Boulder RS an occasieno! cobble.
~ 30
957
S Befusal
~ 40
PA-3 PA-4 -
10/18/57 10/19/57 10721457
ELI360 ELI28.1 EL.97.7
TOPSOIL TOPION
. i BRAVEL, sonay, Predomiparntly
GRAVEL, sondy. Conteins GRAVEL, silty, sandy. - .
(M) consigarasie sond. GRAVEL, scrcly Sond content |0 | ek goert! mihcoorss
5 increases with deoth, g
GRAVEL sandly Prodtominamly £.1181 - dio
GP| e fomediun grovel Sond - |
cantent incracses with deolh. Loving
| SAND, grovelly. Predeminontiy
sp| ceorse sond with fine fo
radivm gravel. 120
SAND, gravelly. Contains
SP( Zine grovel.
-1 30
£L1010 L) se22
Cavirg N Woter table i
- 40

IN FEET

DEPTH

IN FEET

DEPTH

IN FEET

DEPTH

VICINITY MAP

SCALE 1N MILES
' Q 1 2z 3

LEGEND

Topsoil

Growel or Sandy Orae (W) groaded)
Grow! or Sendy Grav. {poorly groded}
Silty Grovel or Sifty Sondy Grovel
Crayey Gro ar Cicyey Sandy Sravel
Sand or Oravelly Sard (weil groded)
Sond! or Grovelly Sond (poorly groded}
Silty Sand or Siity Gravelly Sond

Clayey Sand or Cayey Groy Sond
Sitts, Sondy Sifts, Sraw Sifts or
Diaformaceous Soils

Loar Cays, Sandy C/oys, Srev Clars

Organic 3ilts, Lean Organic Cloys

A Sirts, Dioto

o
'

Soils or Elesfic Silts
fof Cloys

Fat Organic Cloys
Paas, Hemes ord ofher Ongonic Soily

SYMBQLS

PA = Power Auger Boring
TP = resr pis

NOTES

Soif clossificotion bosed on fleld
asxamina¥ion.

Topographic infarmetion foken From

Passamaguoddy Yida! Power Davelopment

Shaat No. Q-5-16/28,doted Oct, 1975,

Tost Ritsy Nos 1, 3 ond 9, exploration
parformad in /935, No record of
Test Pif Ha8 ovailable,

PA-4 stopped of sholfow depth

because of caving.

Elevations are in feel, m.s.l.

INTERNATIONAL JOINT COMMISSION
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€ 950,000

PLAN
SCALE IN FEET

200 o 200

0

N 408,000

N 412,000

N 410,000

PA-1 PA-2 PA-3 PA-4
11414757 1171457 1A5/57 13/16/57
CT SAND grovelly - [ om0 — ] 7omsen o
SILT groding fo CLAY 5P| SANME, coarse with rew
et | s} SO five oroding fo || pebbles SAND, mactium tocoorse. Grodes
TRRLIiy SR Wi o SP1 fo incntly —
sp| SAND, Fine Savaral thin sitly lanses L | CLAY. Cantains some prbbies Mﬁmdam,,;‘ wtly comrse 5:2;’ 10
;—:\Cé_ﬂz ] | | tdefo a0 l5| sanp, sitty, ficre. fense of 150!
157 | ‘:f:%e,n};; with fow [SP | SAND, mediom fo coorse. | SanD, sity, fi
Pl AL E—— | AN sitty, Fine to coorse. SANG, silty, fine. —20
SANE, Fine fo coarse with SAND, coarss, confoining || SR limonite slteoks " ’
SP| Few ciny sonsas. 5P| fovw ot pebbirs. (o[ LT el SAND, predominantly tredien
W grainsd, but grading from fine
m SP| 1o coonse with few padbles fa
L J 280! Bocomas coarse sond — 30
N Rafusal with Fine grovel below PE0!
{5M] _SAND sitty madivm
W SAND, madium. Grodes ro
SP| coarse sonc with sccasiopel W= Pefusol —40
pebble. Contoing red iron
oxlde perticles.
—50
- Batusal g0
PA-5 PA-B PA-T PA-B
1118457 11418457 11/18/51 15719457
[T 7075677 FOPEOIL ) [ iomsart 0
INGRAVEL sitty.
G{PA VEL, sandy. predominently  |SP SAND. Fine
SAND, precominartiy meciom Fine gravel. Rod colorave [ $ANE. Fime.
Groined. Contains cecasionat SAlNo, gravelly. Sond coorse 1o iron oxide. ] —H1o
SP| fRip fenge of Silt. fron oricle with vory Ying grovel Ped
CONCERIGHOn Moar oo OF color dir fo i oride. SAND, sithy, fine. Contoins
boftom of hofe. SAND,_grovelly. Coorse sond || o/f fenses of siit ond 3ond.
with fing gravel, Grodes fo
~r SAND, Fine fo mediom. Centoins | § 7278 5003 with depih. —120
Sfowe thin it ond clay fenses,
= Rafusal
= Suificient depth
Refvsal —30
P

DEPTH IN FEET

IN FEET

DEPTH

VICINITY MAP
SCALE
1 o 1 z 3

IN MILES

LEGEND

TS Topsoil

Gravel or Sendy Grox (well groded)}

Gp| Grovel or Sondy Grow {poorly groded]

GN|  Sitty Grox or Sitty Sondy Gravel

Elayay Grav or Lrayey Sandy Gravel
Sond or Gravelly Sond {(well groved)
Sp| Sand or Gravelly Sond (poorly groded)
Silfy Sond or Sitty Grovelly Sand

s¢| Clayey Sand or Clayey Grov. Sond

Sl

ML Sitfs, Sandy Silts, Grov Silts, or
—1 ODiclomoceous Soils

ICL| tsan clays, Sondy ciops, Grow Claps
OL| Ongonic Sifs, Learn Organic Clays

v 5 Sorls

M2 Siltz,
MH or Llastic Sifts
CH|  mof cops

OH| ot Organic Claps

Pect Humus and other Orgonic Soils

SYMBOLS

O PA = fowsr duger Boring

NOTES

I~ Soil clossificolion based on

Fleld exominaltion.

2 * Confours ore bosed on MSL.

Elevations are in feet, ms.l

INTERNATIONAL JOINT COMMISSION
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CUMMINGS COVE
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- - & _,_//
PIERS , l,'F - a . ﬁﬁ/;—/
// ! Q A NS —" 7 % "
V27 =2e A T j
FRIAR Wif/ 7). SN
""--.._‘ [+ N —— __'__'__,_—_:—/ / L
. T P
4 N S D =
— P ;’(/ PA-2
. 28T
S . e, e T
. GF | GRAVEL Sondy lext §romt ang ¢oosé sond]
PA'Z ™ SHLT, 100 deadvog e CLAY wiih ggen _J
L fo
] b
0 ‘ :;mrw.mmvmmmvm‘ '-.Et"
< fldagcpinarovipluieind ry |
Dorss | 7
_ p =
% n!! / \ i = VICINITY MAP
Q \ / x SGALE IN MILES
o a2 R L, [/ N 386,000 -3¢ g i
v J“r h g
\ i 6 PA—G T ZLHvant mapin - Jao LEGEND
LJ
\ % s 5] romsoir
nszess GW| Grovel or Sondy Grox (well graded).
<0 i
° absor, GP | Groswe! or Sondy Grow {poorty groded).
N GM|  Sitdy Graw or Sitty Sandy Orovel.
PA-5 10 25 Claywy Grov or Clayey Sandy Grovel.
—1 SW|  Sand or Grovelly Sand (well groded).
eergteng peds SP|  Somd or Gravetly Sond {pocriy groded).
- ol enTneta s
N phtas q 20 (S|  sitty sont or 511y cravetiy Sonc
om 270739 Ohecamt SC)  Clopwy Sanc or Clayey Girox Sord.
- ™= surs, Sonay sives Orov Sirs or
. - IMLL  piofomacecus Soils.
e e P0G (cL] taon cloys, sandy cioys. Grenecioys.
ol I E ! LO_L Onganic Siifs, Leon Orgonic Clays.
#t7e s Srifts, Diato. Eadis
7] g.. .“1 or Elostic Silfs.
ﬂ Faf Clays.
= _°£¢ Fof Qrganic Claps.
\ dso b BT| Peat Humus end ofher ODrgonic Saifs.
. & -
Jeo
/ SYMBOLS
/ PA6 - PA-T PA-B ' B PAT POWER AUGER BORINGS
/ ifrrd-14 Hr23rsT 12357 T
N 384,000 2 NOTES
/. Seif Clossification bosed on ligld examinghon.
/ N 2. Contours are bosed on M.S.L.
j—
) -
[
‘) _ il —30 &
/ . . |
v | J 4 . .
\/ 1 | Suady Pradominsetly tine =
Pu— V 1 grave! ond coorsr sond. —A40 E
&
B T Q
PLAN —i50

&’ |
AR Iy e
NS [

{
\ ’ INTERNATIONAL JOINT COMMISSION
. ) PASSAMAQUODDY TIDAL POWER SURVEY
3 TIDAL PROQJECT
SUBSURFACE EXPLORATIONS

WEL SHPOOL
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AR-L a2
LB L/2L/ R M3
(2] Lf25f%

—] w5 Sa%D, atlty (WL-CL)}
o ot | cLAr, =11ty CL| LAY, green Sr—mr
1] o, e 8.0 , o WD, o1y
) €L {CLAY, frar g
[ 1 | i e | cuar, miry 9.0 toar,
l[ r’ ! |'I|' I f' ‘».s T, alty
porivhd
i1 e
:,KI:I}‘,| o | crar, at1ty
i 1 “’ il
!0y 'J //" /
| .'§[' Jflff A7 s
Jorr L RY
flad i afFT] s e e
] "Qt’ i "i I ol $nt, sandr 3.0 JCL) o, sy
/3] 1" ! V4
fI / |', \\ § ‘\ k
1
[ 1)
i
i L
] 1
| .
AR
\ B A
1 g
5 ] ety PP il Dot
CLAT, 208y CLAY, rreen
n.8
=5 s g [oF [Fr ey
T 8
e 18,0 [ e, sany
CLAY, presn
car, sty
250 25.0

I

NOTE:
For racerd of sxplorafion 1935 borings, sas plates

-
\\..___\ \\‘ \\\ La3
-~ -~
™ e 5 ~ N 2-14,2-15, and 2-16.
. 1)
\ \ N LEGEND
0 7.7 Sf @ 935 exploration
\'\ @ an- \{) f////’ & @ 1958 exploration
©,
J/ 4

SGALE IN FEET

BORING PLAN s St N
' 100' o 200" 400"

[ Sp————

1.5 ToPSOTL P —— TPSOIL
LBt I SEED, coarse with
e, RATEL, amdy,
4 hel s ey sol e — S
CLAT, browm Rok pdranes
Ll crading to bine- £L4T, bEam
TRy with dapth ..,Q' M;\l to INTERNATIONAL JOINT COMMISSION
PASSAMAQUODDY TiDAL POWER SURVEY

ML | 31T, brom

TiDAL PROJECT

230
oL %:;m ‘;’:’;&%}:&;ﬂ
e s ' BORING PLAN, 1935~CARRYINGPLACE COVE
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a5
a0 - ——— — 20
GAavELLr ML SAND. 2-1-10
no
2~1-§ 7
. e e e e BT 2-1- . — VIRY FIRM BUT SOFT, QRAY
20 2-i-4 215 5 GRavELLY F-M SAND, TELLOW, SUTY-CLAY witn uwiom 20
2a1-2 ) wo GRAY, SOFT BuT FiAuM, CLAYEY BLcouNe F-M SAND wte M SAND 2-1-9 F-SAND  Lameiat.
**  wrcRssnpED wARmE CLAYEY- T1%? sorr CLAYEY-SLT umor SILT W AN CANAL anD BARGS O Bhcs Sexv S SAND "
cro AL SAND, . SILT ant F-SAND, FieM - LANEMAL AND |IHCH BANDS 12 ) B shney SLT- CLAYEY-SUT. e T rmu st Sort, crar, e
VERY LITTLE 3T, BAOWN AND But sorr. . O F-M SAND, casr. A . =] = spONOT ORGANIC MATERIAL il ( o wrh FACA e FoSAND ] 10
TELLOW, MINOR GRAVILLY 4 BAGWN , LOOSE ,VERY F-5AND /5/ FIAM BUT SOFT ” = BLACK. ANO BAMOST
PHASES e <= WITH CAMINAE AND THIN D) SILTY-CLAY m.{ .,_,..M," s FIRM BUT SO0f T, GRar, SLT ¥~ . a:cmc RYLRBLOOLE
. - BANDS OF GRay CLAY. s LAMMAL AND DAMOS OF z CLAY WTH MNOR LAMMWAE AHD NTERBAMOLD CLAY
sof ¥ CLAYEY-SILT, Grav, - (SAMPLES MOT CONCLUSIVE} o F-SAND. e AnD BAnDS OF F-SAND Fout Junsroau, sanpy F-C SILT anD F-SAND Saow Erev.
SLIGHTLY SANDT BELOW 4-—"-34- 23 Y F- o 7] ) i PROBABLY  APPADAGHG ORAB' GRAY, RARE F-GAAVIL SIZES. #3.0% LAND FHASES ARE
PROBABLY INTERBANGED, SOF T, ELE. 2.3, Gar- TN Buy SOFT GAAY, Ly Glrar. SILTY Foia Sand, — = 0% BILOW CLEV -10%. COMPACY BT NOT cOHEINVE. — g
| SOF T, ZN : e 7 . vt X
oAy F-SANDY C-SIT anp CLAYEY-SILT wirh 5 . o 7, —CLAY, GRA
S FodarD. ABUNDANT BANOS GF sorv - SILT, saon “ z FIRM , UNIFOAM | SILTY- Y, Y.
SILTY F-5AND. CAMINAL 4 BARDS 06 F-M -8 o e
-a2 SAND  GRAT, VEAY GRAVELLY F-M SAND ) 44
s PROBABLY BADLY BROREN 2 - WITH wuéao.rus \r;osnm‘.stghuucﬁ - -10-
Y BLO-ROCK OF RED SANDY oF STIFF SILTY 3 .
- SHALE ano SILTY Fiesa SaTy F-M SAND, itk CAAY. {(SAMPLES NOT ouucwswt:) s :‘“F‘:BS‘:‘:‘D"- so CLAYEY-SKT
g;vmrlrrm.,um, HLTY- - F-SANDSTONE, (SE LOWER S'I%TN wnos TO 3 or CLAVEY; FraM BUT 50 STIFF BUT WITH VIRY LITTLE
BANDS :r“F-SAND. [vERBURGCH OF 21-7) LT, nceoume * ND : FOORLY smnnnsn SJL‘W 24 leﬁ?h",mc“ mmg:gﬂwc
PR vERY SWTY F-C SAND warn WV F=SAND wiTH ABUNGANT 3 = &
BABLY TILL COM urroakd  F-SAND, MNOR Bakos
E i X A FM GRAVEL and PEBBLESI==H 109 — ;rm SO CEng A GRavEL C-GRAVEL sizes. T s e SILT, can. MMFMGRAMVEme“&mss ~20
22z | GAAY. g wirk A SILTY-5SAND mATRIX. . -
STIFF SANDY & GRAVELLY SILT,cAay. BASE 501D, FRESH, HARD, F- SANDV gurr, GAAY P SanOY fig':;fs i ey BOLOW ELCY. -300t
O¥8:  SHALE, D, HuMERGU 25,2 |“FIRM VEAY SaTY C-SAND anp b CRAVELLY FoSAND mamwba.” VARIABLE OROWN AND BED STUFF GRAv waRmBLE F-SANDY WaroRM  F-SAND  GRAY, GHLY
APPARENTLY UNIFORM, DRAB, STIFF stowy  SILT, BRicR RED. 3 WATER - STAINED, ARTOY Faad GRAVEL T0 2 82C, Gaar. v . C-SILT anp SILTY V.F- A TRAGE OF SAT oA M-SanD.
MOIST BUT NOT wnm — LiE- FLLED lnl\rx;uLAk . SAND. SCATTIRED GRAVEL 36
£-SAND Srcomme C-SLT — - - AT MAGH-ANGLE MRS RACTURES - — 7ES , ORILLC BOVLDCR AT [Lew — =
N LOWER 557, M FIRCTLBED, EAL e, AR, — ABCHE KLEY. -52.0- NO Crima ven sure Ffang, oa FALsd, MARD, VERY F-SANDY St Novy furr Be o
RED SANDY SHALE w ENDENCE OF FRAGTURING v SEATERCD GLACINTED PABLES. SHALE ANG SHALY F-SAND- WO SAMPLES BILOW ELEY.=65.4—
i TeuN LEHZES OF WARD SANDSTONE BELOW CLEV.—52.0. VLAY STIFF, TIGHT, SiLTY  F-SAND. STONE, RED. PROBABLY 50412 APPARENTLY A SOWMDLR WEST. T3 roam F-SAND, MMOR LAMINAT |
) CORL RECOVERY 63T CORE RETOWERY 987, . v snua'omr é;';:m » THROUGHOUT BUT WITH CLDSLL o santy F-C ST, GRar. i
FIRM, GRAVELLY AND PEBOLY, o A SPACED WATER-STANED  HAR - T wano, peust, FINE-SANDY
VERY F-SANDY SILY, med, —_—— - SLACIATE PLOBLES. : FRACTURES ABOVE TAEV. —34.8, wr o SLTY F-3aND BasE o lF wive FINESSARD-—] 40,
az.2 . . oy s Eucss nano, F-SANDY NUMERDUS BELOW ELTV. -34.0. o, ANo sawoy F-GRAVEL. % OB, STONE PHASES, GRAT TO
BASE  FRISH HARD F-SANDY stirs BCD SaNge SLT, waroaw. L ove. HALE e o Fes CORE RLCOUERY S0, 3 arse wARD, Fhts, VERY SANDY-SHALE 'é BLUE. NO EVIOLNCE OF ]
ove, SHALE,RCD. BADLY e bl WITH YERT RUMEROUS MIGH- ovB, AN SILTY' F-SANDSTONE , ace. po—] LARGE OPEN FISSUALS
FRACTURLD & UPPEA ZFT, Iy Bt . = = S BN BY HIGK NG BUT NUMERGUS GROUNOWAT ER
SOLID BeLow BBT WITH " v, FRESH, HARG, F-SANGY A ANGLE WATER-STAMLD HAR- o VE uCH  BROREN B STAINED SMALL FRACTURLS,
-50 — HUMEROUS HIGHARGLE WATER- —17= =y ¥B:_SKaLE, neo. Apen 493 FAACTURES. NO EVIDENCE —— LOW ANGLL FRACTURES WHIGH ARE — . o, RecovEY »%. e
4 STAINED VERY SMALL p— SLID, BUY WITH LIJE-FLLED ©F LARGE OPEN FISSURES. v WATLR-STAINED AND, PARTLY OR
e B et 0% PARTLY - 08 SARTLY FILLED HASR- CORE RECOVERY 1%, COMPLETELY LME-FRLED,
FILLED WiTH — FRACTURES SCATTEREC EXCEPT o MO EVIDENCE OF LAMGE FISSURES.
oAt AECOvny a8 553 M SMATTIR ZOME AT ELEV. CORL RreovERY 50T
-430 TO -34.0. - sa.4
r———— —— —_ —_— ﬂ" - —_— b
-6o - CONE REGOVERY be 2 BN iam, rRten, VERY, F-SANDY 8a
f ovB. SHALE a0 SILTY £=SAND-~
S e STONE, RED. WMUCH FRACTURED
-] — BY SUALL WATER-STAINED AND
2 7l gp.a PRRTLY LIME-FILLID WOH .
-T0 l___‘____;,, _— —— ——————— - - AND LDW ANGLE FRACTURES, =-TQ
> - CORE  RECOVERY 3% 7o :
a0 - —— - —— e R — - | oAy, YeLow F-M SAND wiTe e - e —e e s 30
UTTLE GRAVEL. VEAY LITTLE
DISSEREINATED ST OH QLAY
vARIABLE F-GRAVELLY F-C
SAND, YELLow, vERY LITTLE SILT
20 BT counioeRan.E F-SAND. 2-i-18 b 20
o MIROR STIFF LENSES . VERY e e e e = —— mimm e e e e o —_— — ——
2=1-11 €2 PODALY BORTED AND STRATIFED. 2-k=l4 VERY FIRM, VARIABLY YELLOW YERY FIRM BUT NOT STIFF, GRAY Szg;v BEVLL%V':SI’LNTT““"D:DTY
s DGR, FSANDY CoSiT. SILTY-CLAY WITH wINOR Pt Ao SILTY- WOrST, Bswn W-SAND WM
b 4 . FF, AMOST ORY, B e MINGR GRAVEL SIZES. LAMGNAE OF F-5AND. CLAY: BCOMIKG vERY FiRM 2 SOME GRGANIC AOMIRTURE. .
STEF, KMOST R VCRY Fitae GuT WTH LITTLE BuT NOT STirE, caay SILT¥-ciaY
! £ CLAAET-BIT wie ErBANDY |4 Ster. pRAS SILTY-CLAY <ouson. i F-SAND LAMHAL AND wmASLE sGHTee LTy
e — e SILT PHAsES. .. _ > - o . _ - , . — YELLOW F- wti.
10 D FiRM BUT KOT STIEF, GRAY WwitH F-SAND Lawaar, - s == - - ST mmm T e BAHDS TowARD BASE. . - .o SOML 20fT, CRAY SILTY [+
T YCLAT witn haion BECOMING FIAM BUT SOFTER VERY FiRu BUT NOT STIFF, GRAY BANDS BEWOW ELLY, A3. X
- 0 ' INTERBANDED  SILTY-CLAY SILTY-CLAY wiTH FREGQUENT
4 F-SAND LaMNAL BICOMNG FiRw BUT SOV T, GRAY ST Y-CLAY 7 anp F-SAND AT fLev 28% LALINAE AND THIN BANDS OF F-SAND
a5 WTERBANGLD 4D MICRBEGOLD it F-SAND LAMNAL AND FEUE BUT SOF T, BECOMG STIFF . BELOW ELEV Z.0%.
SN BANGS ARt COMPACT Sanos, BECOMMG pow e e o
INTERDANDED AND INTERSEDCED - T — —_—— = AR - - .- - - -
BUT NOT COMESIVE. CLAY anNg F-SAND BELow SAND, ORAB TO RED, POOALY STIFE, GRAY F-SANDY C-SILT SLIGHTLY SWTY F-SAND wiTh FIRKM BUT SOFT, INTERBANDEG FiRM_BUT sove| %9
FLEW LDE svmmnm, UITTLE $ORTED WITH ABUNDANT OISPLASEC LAMNAE AND BANDS OF wp  AND INTERBEGOC £-SAND CLAY wiTh VERY FALQUENT
PERMEABILITT LOW. F-GRAVEL SiEs. SILTY-CLAY. vERY fiam 2 anD SILTY-CLAY. viLiow Laear or Fo5A
STFF BUT WITH UITTLE COMESION. BUT WATH LYETLE COMESION. BICOMAG GRAY BILOW ELEV
-402.
,,,,,,,,, PR p— C S _— — R TAND PHASES RAVE VERY _ . - - -10
GaAY, STIFF BUT WITH LTt LOTLE COMESON. MTEABAMOED AND NTCRBEDDED, NTERBAMDEO AND T CRBLDOLD,
COMESION, F-BANDY C-SILT . SOFT, GRAY F-SAND anD SILTY-CLAY. Gasr F-SAND anp SILTT-CLAY.
WITH DSSEMINATED - SAND FiRM, GAAy VERY £-SANDY SANG BLOS ARE NOW-COHESIVE. DNANTLY F-SAND BELOW
AND F-GRAVEL. wa¥ HavC C-SILT waru ABuMOANT [N -
SOME GRAVEL PHASES. I I R msPAstD F-GRAVEL $zZCs. .
. = - e e el e — e VERY FIRM BUT WIiTH LITTLE J— - - — - -20
Lo daase  socke, HARD RMYDLITE VERr §THF BUT WiTe LITTLL COHESION,. WELL— SORTLO CNXCEPT
< |ove. TUFF, PRNA. KO EVOEWCE CoHESON, DAAE VERY F-SANOY. ror F-GRAVEL SHES.
- OF GROUND WATLR-5TANMNG C-SILT wiTit CONSIDERABLE VIDEN - M,
. NO EVIDENCE (7 STRaATIFICATION. 2 a GHAY s
£ BUT wiTs LITTLE COME! =2, OR FRACTUANG. AQCK 1S Cipensid C-SAND AwD HARD, DENSE, REC RHYOLITE 3 RI‘-‘”UT WET, D‘ VERT
sniee ey s Lo MARD BUT NOT DENSE. FGRAVEL 2[5, BECOMMIG wiTh 'LIME "CEMENTED SLTY F-C ShN o .
B fo keo, 5 F—-290  (CEMENTED woLCavK ada) VEQY GAAVELLY AND wiTH FAULT BRECCIA FONE . COMING GRAVELLY Ss?'}‘, -3¢
C-SILT wiTH aBuNDANT CORE RECOVERT 50 7a- COBBLES AND BOULDERS BELGW SOLIC WITH OCCASIONAL VERY

BONDERS
OISFEASEG  C-SAND ano FROM ELEY. 270 TD-32.0. F-SAND LEMSIS m.m ey

ELEv, - 40.02. HOLE  DYRAWTED e SALL FRACTURES, DENSE
_F-GRAVEL: vERY CRAVELLY —a1 AOCK 1 HARD BuT ¥ A > STFF BUT WITH UTILE CORTSION, <300,  PROBLBLY
BELOW ELEV, -380% FAEsH, HARD, VERY F-SANDY e 35 ::E::‘ls‘:’”"_' g ShEAR — :z:'nﬁmo,w;::fw;ucwm DRAB GAAY C-SILT witm 3 srr guT Wi LTI Comesion, sTRATIFEe A0 som:o
b oea L SHAL e R ST ; HOIGATIONS OF PRECUENT [ SMALE AND RED OLASSY b R At GRAT C-SILT WiTh GONSIDERABLE
—a0 ook | I FUSANDSTONE, T, . e oo e P s Fangrangs, Earbauy — . B 3as  RHYOLITE. CONSPieuouS . CISAND aha FGRAVEL sIcy, _ OISPERTLO G-3AND AND FeCRAVEL.
e = Evpince %ﬁ'ﬁm&ﬁ[.}‘“” e : BOLOW ELEV.- 32.0. : HETALLIC MIRERALIZATICN BELOW ELEV. -4201 :
[y GORE REEOVERY 407k, W BASAL FOOT. . -
=2 2 ¥ AP rnssust:l.;:z_lv Numtrous Fov CGRE RECGUERY %5 Ta. N SAMPLES. PROBABLY SILTY-
pagr  FRESH,VEAY SILTY F-SANDSTONE, AL IGH-ANGL 5 WO SAWPLES. PROBABLY SILTY- GRAVEL wath Douroras.
T ve,  RID. HUMEROUS WATEA-STAINED WAILR-STAIED AND 1o
SWALL , IRREGULAR  HiGH-ANGLE _ PARTLY FLLED BT LIME. _ _ o e — B e _ e e . VERY BLALL FRACTURIES, 55_‘
—50 % FRACTURLS AND POGR RECOVERY CORE RECOVERY 807Te, - - - T T - o VERY "F-SANDY
ABOVE ELEY. - 48035 GCCASIONAL . GoRk mrcgvinY an ..
2 SMMILAR FRACTURES BELGW ELEIv. -<A0 - 441 — P
COME RECTWLRY 857 . . s+ S :CHST‘?EK 'SL‘rﬂTE, o T T T
SoLID, FALSH, FINE-SANDY B e e te Atore oo -as05 -3 A1, VERY F+SANDY SHAL
- ; BsE SUVE LD, VERY Finmt : AND GRUMPLED ABOVE ELLV.~85.03 3 o TALE . :
B} e : B e i £ T Lot e — .- R —- - LITTLE FRACTALD AND LESS 41 - corr mecovear 87w, .
> SCIOSTOSE BELow. {ITHER A
VERY LITILE FRACTURED.
<OAE RECOVERT 80%. FAULT ZONE OR & YERY TIGHT
roue, INTERNATIONAL JOINT COMMISSION
CORE RECOVERg 53,
B ] . - - o o . PASSAMAQUODDY TIDAL POWER SURVEY

. TIDAL PROJECT
LEGEND 7‘ : RECORD OF EXPLORATION, 1935

5\55 ove, -:c.w:s BASE OF OVIRBURDEN.
WIBCATES FIRE~GRAMNED. -
bl Rl sy BORINGS AT CARRYINGPLACE COVE, SHEETI
C HOGATES  COMSE-GRAMLD.
ST S WS o SmTeIL RO i
e ' Interncfions! Possamoquoddy Engineering Beerd
NOTE:~ ELEVATIONS IN FEET MEAN SEA LEVEL.
FOR LOCATION OF BORINGS SHOWN ON

THIS SHEET, SEE PLATE HO.2713.
OCTOBER 1959 Dwg. No. TGT-126
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WAR DEPARTMENT

CORPS OF ENGINEERS,

j-80

CLEV.-62.8 AND - P38, GRILLERS
LOG HOKATING SOWE OPEN
FISSUALS AND CORE SHOWING
WATER-STAMED AWD Livg -
FRLED SWALL FRACTUAES, BELOW
ELEV. -72.8 ROSX 3§ 30LID

WTH FROGUINT HIGH ANGLE

AR - FRACTURES,

fe73.00

CORE RICOVERT 30T .

2.8

LEGEND

BASE OVE. wWOICATES BASE OF OVERGUADEN.
FRDICATES  FINE-GRAINED.

M INDCATES  MEDRSA- GRAINED.

C ROICATES colasc-cadngs,

FLEVATAON OF AASE VEABURDEN 13 EXALT.
OTHER CONTACTS ARE CI.OS!L\’ APFRQ‘LIAA’[L.

ALL

<ons ABOVE ELEY. -62.8.
OCCASKONAL  WATCR STANED
HAR-FRACTURES. BELOW.
CORE RECONCRY 03%% .

NoTE:-

cort necoveRY 0%,

ELEVATIONS IN FEET MEAN

SEA LEVEL,

FOR LOCATION OF BORINGS SHOWN ON THIS SHEET,

SEE PLATE HNO.2-13.

BORINGS AT CARRYINGPLACE COVE, SHEET2

2-2-5
caavgLLy MHC SAND, wiTH .
1 LriE SILT.  ROUGHLY
10 T e e e e e L BWRAMIMD. e e e S _— — 0
P
: 2-2-)
2-2-3 2-2-4 2-2- 2-pat 2-2-8 2-2-9 ]
oo SRS —— e e e e s — — — e ot e e e e i e A e e e e o - [+1<]
Z, i SILTY-CLAY -
E-n 30FT SILTY-CLAY, Grav, wsion /2o BUY SOFY, 1.9 5
by GRAY, MINOR LAMMAE AND Iz
pands oF ST anp g - SUTY=-CLAY, GRaT,
’ Fihwe BT 3ofT sarrs—cuv - BANOS G F-SAND. SANDY-SILT witu CLAY ok [t
- SOTT BT i, chany SLAYEY- G, e awon S&T stcgumc CLAYEY-SKT peLow rieu gur soeT SLTY-CLAY, Gkt Catamat, Garr. 2901 st rw, oAy, CLAYEY - of F-SAND 23
L ST witH Lo BANDS A sicounc CLATEY-SILT sirow > ’ td |5 vmv ;mt wACk ST,
. - WF F-SAND Ban0S - TLEv.- 2.0, ] BT CAMHAL AN BAND
e C-SLT ANg/oR SMD- ELEV. ~ G- 3 Y o of C-SAT Asp OF V.F- SAND -k
-10 b - R it F-SAND BANDS VERY Houthous s e e e e NINOR SN LAMNAL AND BANGE s - -
05T BT CRNERALY FiRu, ; BOCTWEEN TLEV. =IO AXD — 280, g THROUCHOUT. Jath ALCONE DOMmANT BeLow
Grar, CLAYEY-SHT with ‘| ’d KLEY.-238 .
H Wus oF wIv F-SaND. %
—~SAND PRIGOMMANT .
- AT ELEV -2 ro-:n.o. AND mwﬁ muwg&.ﬁ% S, .7
-20 | ‘ _ =380 TO -4Z.0. R P S RAY- e — s R _ . . - —_ - - e b CLAYET-SLT 0. ~20
w.auuL( F-C SAND, shoreH WiTw FiBu BUT 3OFT, SILTY-CLAY, g [ RBANDED G-AVECRAI\.‘EM
R L AMGMAL AND BAMOS OF GRAT, WITH LAWMAL AMD BANDS i r-SANDroo'rmonmn L™
CaveyTe o SILT oa F-$AND. 230 5 BASAL s
souo, VERT SILTY FNE
SANOSTONE, n:o- wtn COARSL
-30 e e e e - - _ R - -- e e e s e / o~ ARKDSE males., i —————| =30
NTCRBEOCLD AMD T LRLALMATIO HUMCACUS TRACTUNES.
FC SILT Ano F-SAND, Grax, . ige.g OC LSOV n%-
A7 AND GavElly F-SANG ar-.ll; Egosq-:NgLAVEY’SILT s -
WITH PROBABLE OFEN msla Al WiTH LALUMNAT =38
FNE~SANG wiTH  SILT v AMkAr
-4l Cim e R . REDOISH GEAT.  CLACIM, . e St e i e ANG BAMDS,GRAV _ oo . - - - e e e =
MgcH FAACTYRED HARD, FRESH o » A - ) u
. aLo, VERY SILTY F-SAMDSTONE. 2 CFRE-SAND T S i . sarT SATY-CLAY wiTH Lo0%% 402 o, Tarn an kD, F-SANDY
NG EIVIDENCE OF LARGE OPTM CAMINAL O RED CLAYEY- ot STFE AED ST AND OISMTEGRATED SMTEALAMINATED  AND - ROCH  FRAGAICHTS., GRAT. BASE SHALE RCO,UmWIFGAM. MG
FISSURES BLT BOCK = X Rto SHALE. Y CLAYEY-SILT ano F-SAND 5 rrryy ove. protuc oF LARGE Oetn e
- ~ HAS INTIMATE  ALUOST VERTKAL e LITTLE FRAGTONED, SOuMO, ____ TFofs®d o 2 S, CRAT. _. _ s P e _ " S OUENT HGH-ANGLE e e eeee——{ =50
50 3 mam-FRACTLALS FILLED OR "Lﬁ‘z Bast. nn:c! ':‘: VARABLE VERY uun n:u VERY - - T u.m-_ TEERD, AARD AND FRCER F= HAIRCIRACTORES AL STAKEO G 5
127 PARTLY FILLEO WITH L =N sty F-SANDSTONE and — b Y- , BECOWTG L = ova.  SANDY SHALE, fao, arORM. s !;:.:t :;D:aé\;'tn”crcutnm.
s;-c.-m.v FRACTURLD, VERY AND GENERALLY SHOWMG ot SANDY-SHALE, RED. THE GRATIAM mp Mgm A F—| BO EVIBLNGE GF OFEN FISSURES, - A i
S e FRES, SouND, fED. CROUND WATIR WLATHERING . L, WUMEAQUS. ALMOST VLRTIEAL SANDS‘I'ONE BELOW 4 —— AARE MAIR-FAACTYRLS, !
A Ry ST Y TUSANDSTONL. STRAATAL DI 20" Dsrs mamsmneroREs AR ELEY, 537, BROKLM BADLY T 5™ ot £RACTURED, sasn, o, ., , ©OAC REcOVERY 23T,
-850 F- — L fe.] .. CScAvOMAL MLuGsT VEATOA s L, bomD RECOYERY 0. T crnp-waren wEaTHERED, Ay 0% WEATWERCO ABGVT ELEV. | [STOREASE FuSANDY SHALE, REO. o S e e e e .- .
LITTLE FRAGTURED, 3OUND, RARD, Z FRACTUALS, PERHARY 0.255 108" aca0ss, LOM REGOVERT 857, 3LZ. SOLID ROCK BUT HOWLY~ S OB, CbENCE OF LARGE oFEN pr ey
BASE roesi VERY SAKDY SHALE, y FLLID OA PARTLY FILLED WITH - - BEC wiTH HGH~ ANGLE =] BUT ABUMDANT MGH-ARALL SMALL
ove. D, (A’FMH!! TEXTURE OF ’] SLME ‘S AT CLEVATIONS FRACTURES TILLEID OR R FRACTURES FILLED DR PARTLY
A VERY FINE-GRANED SiLTY c341,- 408 L1C ARTLY FILLED #ATH LUK — FILLES Y LIME AND WATER-
SANDSTONE), ONLY DCCASIONAL £oRE RECOMRY 34 . AHD GEHERALLY GROUND 4 sranco.
-16 _ FAIRCFRAGTURE S, MINGH MICA - I _ .. - WATER STAINED BELOW conre REGOvERY 8T, e e e — - (]
com:m 0W STRATAL BIR ‘c‘ég.: ;:covr.l ay 70 “T.
con: ECOVERY 827
2-2-18
— . _. e A e e i - — e [V, R [ ST 20
20 - * GRAVELLY FC SAND o, 1
CoNSICERAMLE F-SAND' BT
LTTLE SILT oR CLAY.
PSTRATIFIED UNLORTCO.
10 —_ - - . —_— - O e e . - ———t e — - - - e e s e —e—ee ] (D
2-2-10 pyrem 2-2.17 ;7;4 fi SILTY-CLAY, Ghar.
= e D - VERY " *
2-2-12 2-2 2-2-4 2-2-15 « 08 WITH UNOR Laamiar Al SAKS
. of FSAND LLOWNG YERY
s e i RPN [ e — ime e e - Cwee e e s - PR e e e = - - - - - i e K] CONSMCUQUS BELOW ELEV.-T.Z. 00
so;ﬁgll.._\:&‘l&n\v”;nu OCCAL DAL S0FT, GRAY ,CLATEY=SILT 7 51-,,, 5“_1-7 -GLAY, m\' wiTH P smire, SILTY-CLAY, GRaT, mTn < s VERY FIRM BUT SOFY. INTERLAUINATED FRu BUT ST, SILTY-CLAY L)
Ganr. snue F-GRAVELLY T e e s k) HOR Lasaar & angd 7 ““°F" LAmAL ANS BANGS L iy ;‘g;',sa"“” SETY-CLAY WITH LINGR BUT LOMSPILUDUS )2
oF F-SAND ant or C-SILT. o TosANG. 7 oF F-SAND. . - ) GRA AmNAL ARD BIGS OF Fe5 -
BaNDS N uw::n & FT. FoSAND BANGS CONSPIGUGHS fe . . " (F-SAND WINOR BUT PREIENT GRAY.A © AND, -"_‘_’
BLLOW (LEY. ~18.0. e B THAOUGHOUT. P27 - — e -]
e e e - ¥y, - s =
A P gk
ST SILTY-CLAY wirh i =
REAGR LAMMAL AND BANDS THE
of F-5AND, GRAY. S
A . TIFF GRAVELLY NG SILTY SAND,
y o 2] E e ucs:nnrtn}unsmvw, ] 20
: il ° - . TIGHT. {FKL OEPOS.
R st ) FiRM BUT $OTT, INTLABANDED FIRM BUT SOFT INTERBANDED Fefme BT SOFT SLYY-CLAY win £ .
s oy - SAND, camn” - 4 CLAYEY-SILT Ao F SLAYEY-SLT a0 F-SAND, ey WNCR SILT OR F-SAND LAMINAL Y g 34
’ ) oy ) GRAT, CRAY. p ANG BANDE BECOMING COMSMCUOUS 22 fﬂlsu HARD, RED,
e 30,T C-HLTY F-5AND, GhaT, 9 BELOW ELEV. —1BD AND DOMMAMY s STV WF-SANDST d“
. udigR CLAYEV-SILT Banos, ol - iz BELGw ELEV, ~)2,0, CRAY. fe.z w0 EVIDERCE OF LARGE oL
o oW ELEV 2 'l pa— < 1t}
R N o X . [, .- N < o= e — - - . T - ASSURES BuT OF VIRY »u-a-:us
e LIME  AND/OR WATER .STANED
. £, GRAVELLY SANQ, st (£ 4 i AL - FAACTURLS aHD oF LIME
. AHG CLAT CONTENT uMmncwH i i) b S VERY SiLTY FINE- CEUENTED INCLNED SKATTER
mTIRBANDLD, Sor T CLAYE Y= . ” p; / SANDSTONE | AED; WiTst CoARSE s oy ALROTE.
= o 4 - . A
SILT anc F-SAND, le.uv. oUID, RARD, FAESH, F- SANDY ] v o (:[n:rm) tﬂ'}:“m?ous CORE  RECOVERT %, 40
— e — - - SHALE , RED. MINOR MIGH= = - % > - s - - T 7“7";* CORT RECOVERY 90T, _. -
wrgraanord CLAYEY-SILT " ANGLT BRESULAR HAR = £ 727 £ a2 S
anp F-W SAND GRat, 807 T, FRACTURES LME - FRLED AMDS - £ -
DR WATER- STAMLG. 7 Wi
_is.a CORE RLCOVERY $37Te. R [42) -
W Y _ N . . GRAVELLY SAND, REG, w7H GRAY . o e =50
FGRA ELLY ;C”‘—-T- — - - R " - -.,{-.., T T _./__ T om0 N - . iy CLAYEY-SILT BaNO5.
s0FT WELL! S Y i A .
= £ GRAVELLY SAND
4ND F-SAN{, GRAT, ' 3 [3FT e "y
LSTRATISIED, > 5 curaLt ¢ BOULDER ON BOCK T ST, mremsaore, caxr. £ ROk &TA‘E‘"}_"&'—}" Bf:fsb o !_,,q_" F-C SAND a0 CRAVEL FET-348 copsy wanp, F-SANOT SHALE
. |8 sumeacr. wARD FaLsm F-SANDY . SOLAD, TR HARD, YNIFGHM, WITH BHTEGRATES RLO SHALE. [—rinase wiTH F-SANDSTONE puASES.
L. [} T D, FACSH, .v OCCASIGMAL $MALL BOULOCARS, PROBASLY 30L0¢ NO E¥IDEMCE
. ]9 SKALL, (o, R 255, pands. [T mste F-SanDY SHALE, W . o8 Lmtt S e e - . [ 3
it S " ps EVIDESEE 0F LARGE OPEM e e m e e T PR OGN TRy WOHOR g FAESH, MARD, F- SANDY SHALE, BASE FRESH, MARD, F- SHALE =1 ATRHOANT  WATER :‘Mtp
. B SRACTURES BYT WITH BT :‘:1 WO ENDEMCL OF OFTH AND0A Jnsc o Lunon F=SANDSTONE prases, oV Wit ?—smasronz PAsEs, mi. ) e PAACTURCS ABOVE ELEY.
FRESH, MaRD, VERY F-SAKDY % MATE HIGH-ANGLE MAR-FRACTURES —l WATER BEARNG FRACTURLS, Ov3. PROMABLY 10LID BUT WTH s JPYRY -
.5 - Ly SoLe ~34.8 AND OCCAMONAL BELOW.
SHALE an0 SILTY ¥ F-SANDSTONE, WATER-SIANED AMOSOR Liug .9 SORE RECOVERY 397 o0t Bt e ABUNDANT RREGULAR HiGH- CORE RECOVLRY 95 %% . ~
RED. MECOVEAY Geuy 1" BETWEEW FILLED. MOLEROUS SMALL FRACTURES , ARGLE HAR-TRACTURLS, MOSTLY -
CoRE RICOVERY 457 . WATER - STANED. - - - e S T

JNTERMATIONAL JOINT COMMISSION
PASSAMAQUUDDY TIDAL POWER SURVEY

TIDAL PROJECT

RECORD OF EXPLORATION, 1938

Infernptiona) Possamoguoddy Engineering Board

Dwg. No. TGT-127
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WAR DEPARTMENT

CORPS OF ENGINEERS. U. S. ARMY

2-2-22
+
- - P [ et i ———— e+ s — e —_— e e e - - [
R 2210 2-2-26 P : snor
: -2- s 1
R— ) 2-2-23 2-2-26 j
4 2-2-24 @
Q0 b _—— - - S e—— .
3 ol
,‘w FIRL  BuT NOT STIFF, GAAY ] FitM BT S0FT, WTERLAMINATLD Fibm BT SOFT GRar SILTY-CLAY, FIRW BT SOFT, Gaax SILTY-CLAY, Flrk BUT 3067 SILTY-CLAY, Grar —v i
SLTY-CLAY WaTH UWOR BUT - AND INTCRBANCED  SILTY-CLAY wiITH F=SAND LAMHNAL AND BANDS WTH F=SAND LAMMAE AND WiTH F-SAND LAMINAE AND A %2 <> ]
PROMMENT F-SAND LAWNAL - AND F-SAND, GRaY. MINGR ABOVL ELEY, -12,0, BANDS WINOR ABCYL TLEV, - 9,0% BANDS BECOMING YERY 5 i .
ANC BaMOS, LA {SAMPLE AT £LEV, —13 WTERRANDED ANG INTERLALMATED AND IMTERBANDED AND HRIMEROUS BELOW ELEY. - 200 e Yo
STiFr, Reo SANDY Mc S|L1"’) BILOW ELEV. -12.0. WTERLAVINATEC BLLOW. 7] -
10 e —-— - - Lo e —— &
A . FIRLt BUT SOFY SILTY-CLAY PIERLAMMATED AND WNTE o BUT sofT, SATY-CLAY Witk e INTCRBANGED LOOSE F-SAND
2 WITH F-SAND LAMMAL AND BANDS, FRU BUT SOFT, GRAY e .2 i i sy BANDS, Vs WG Fons T 20FE STT
[ {. GRAY, aND F-SAND. 7 GRAY. 30ME OISPERSID EEA CLAY, caar.
A 5] VERT FIRM ABOVE CLEV, -20.0 . GRAVEL $IZES IN TOP 5 FT. . ,
Y - ofvEn BLLOW. o Em .27 .20
-20 - - [ ey -- - —- — b e — . e . ———— . ,’ .
: L VARIABLY SILTY F-id GRAVELLY
//,- - 5 F-C SAND, GRAT, FROBABLY YLRY
i A 25 ., POORLY  STRATGD AND UNSORTED.
) 4] PEMIOUS,
-30 |- - - - - Ty F-MUGRAVELLY anp 4 - T i T ; - . 7 T T T T A e et v RRYOLITE =
| . 2 o of.usz HARD, AH' v \
i 25 | 3] ¢ SUTY £-M SAND. prodasty Rooey |7 7 B RED, ABGNOANT, PAOBABLY Hanp, FINE-SANDY SHALE, RED.
] paer FMESH wARD VERY F-SANDY /-, BasE  SOLI0, FAESH, »ARD, F-SANDY STRATIFIED AND SORTED. BROKEW, e Fiau, vaRLABLY GRAVELLY SOFT wWTERBANDED SILT anp }/: d snuu. FRACTURES. NUMLROUS SMALL FRACTURES
- tove. SHALE,med. souib sur “A ove. E wirs' F-SANDSTONE LoOSC SANDY SHALE W masaL 2 Fr| CLAYEY-SILT anp F-SAND, F-SAND, wploR  SILT Y-CLAY s cort Yt 80 % BuT MO EVDENCE OF LARGE
o HONLYCOMBED B IRREGULAN T PHASES, OCCASIONAL HIGH = = VRY GRAVLLLY AND ONLY WANCS , GRAY. veay F-M GRAVELLY anp SILTY PEN FuasuRce
— WATER=STAINED HAIR FRACTURES, AHGLE , tRRFCULAR, WATER- ] RUDELY STRATIFIED 2LLOW SLEV, L - - F-C. SAND, REODISH _GRaY, RY . w3y - - - i e -CORE RECOVERY 20% . -40
-40 = NO EVWENCE OF LARGE OPEN STAINED SMALL FRACTURES. — A BASE FRESH, ARG F-SANDY SHALE, -4G07,L00SL AHO WITH VIAN OOR STRATIFICATION ANO SORTING. ” .
=2 P FASURLS, BUT PROBABLY .3 CORE RECOVERY 300%e- 7] ovB. REC. BADLY. FRACTUAED ABOYE LITTLE SUT BELOW ELEW, w4s0%. . m; SHTY, VARIABLY TIGHT
OCCASIOMAL SMALL OPEN FRACTURES _— ELEV. - 40.0 AND wiTH . - VioUs,
COAL RECOWERY 90 -] HAMTROUS SMALL WATIR— 23 Wi F-GRAVELLY anp SWTY ST, F‘M GRAVELLY F-C SAND, |—fease ,
T4 STAINEL FRACTURES BELOW. SAND,CRAY. VERY POORLY VARABLY  SILTY, GRAY. L] ove. Hane, FINE-SANDY
PINETRATLO A SMATTER ZOWE _ ___ SIRATIFEED AND SOATED. _ ._ e unsm.xrm:n,unsoﬁrm SOME S SHALE , GRAY, WiTH CEMENTED R I - — -50
-50 S e e R - - AT ELEV.- 443 TQ —ass. - e e PHASES STIFF AND TICHT, OTHERS VOLCANIC ASH PHASE.
GORE RECOVIRY 74 %o, E - 521 LOOSE AND PEAVIOUS. MUMEROUS , PROBABLY WML,
sasg SADUY JONTED FRESH,HAR 3T FRACTURES.
OENSE, HARD, GRAY RHYOLITE / ovp, VERY SILTY VF- SANDSTONE CORE RECOVERY T37%.
vas'l OLCAMOHAL VLAY SMALL / RED. RECOVIAY ) ORILL
_ X WATER STAINED WDICATED ABUNBANT | SuALL
-80 e —- R _ - FRACTURES . 7% OFCN FRACTURES WITH GORE =80
CORL RECONTRY 58 Ta. f/ SHOWMG WATER-STAINED
539 AND PARTIALLY FRLED FRACTURE L.
/ﬁ WALLS KT KiGH NG Low Base NARD 5, FINE-SANGY SHALE,
671 ANGLES. ovB.
CORE RECONCRY 2% . . cmc: _RECOVERY 20%. e -10
ol — e R - S, S . S DF e - _
32,8
2-2-29
NOTE!~ ELEVATIONS IN FEET MEAN SEA LEVEL,
oo i il . T T ) - = o7 FOR LOCATION OF BORINGS SHOWN ON
' F- ] wERY Fiau SILTY-CLAY, orar, 2-3-3
(7o atovi fiiv.-s2;ounine o 2-34 .32 LEGEND THIS SHEET, SEE PLATE NO.2-13
£ mIERMOL SILTVCLAY, LHCOUDACTED, vIRY SLTY Anp BASE OVB. MOKATCS BASL OF OVERBUROEN.
e MC BT, w0 rmﬁ';'z"’s“_., o GRAVELLY "SAND, BECOMMG NO SAMMLES. REPOATED 45 F #icATES Fe—GRamiD,
— - —— COMA TOWARI - .- - - - SANDY  GRAN e e - INDCAT Gait- GRAHED.
-0 B SAND M’- TDEnCE OF s:»;?:-ixr’:n. g WEL s CLAY. 0 ¢ momes COARSL -GRED.
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DEPTH BELOW TOP OF OVERBURDEN, IN FEET

JOHNSON  BAY

MOISTURE CONTENT AND ATTERBERG LIMITS UNIT DRY WEIGHT _ SHEAR STRENGTH
Percent of Dry Welght Pounds per Cubic Foot G]/JD¢ - GBTE’ UuT |UC-0 jUC~R
qU J0. Sq!'
o 29 8 90 ' tsf/deg|tsf/deg [tsf | tsf | tsf
IR A RN LR I I IS REAE SRR A NS NREE YRR RGN B
T IRROE N A IEERECINS .
IERRERRSaR il ™ ,‘?;“ﬁ{xf_;vi_??'gi TS
ERSEERSEE: IRERERNy: A ] B SNE |
n 1 NI e 1 T4 »
10 I ; } T ] T e 1x WO == . 111/20. 1 1.16 |0.38
K -t . i ,_‘;,T - H ._l. I, p= - r/’
B R A A A ] ST .fj_I.:‘;_’_"'___ : -— " - o ‘ : 021
BIEREE 11 441 Lid A E 4t > 0. L7 .
SR EE! L :1|.__ A b ke L1 )4
b & . I JEAN [ - - —f - Lk Lo T -t — / |
2of pLiH b L Isa % 0,60 *0.070
ditrrt vt R T T T w. -
k T 1 17
1 = 17 XL _
! +FH 4 L -l & % «0L/23,50.31/11. 1s| 0. 111 | 0. k2
3 § 5 N : A ) #
I ST TS T STV T 0.29
I RE T oy Wim ' "
b 1 ]
g\\ e s \k;;j STTT T LILr P 111 0.33
— ‘;. : -3 A ] T ///
i HEY - A AN 'A‘
[ 1] i T A 171 i Ra=Q -00/2606 000/15’! 5 0. 25 O. 30
A - I D 7V a R q
[ 1] ] T P \\
SRAN ] . age; g o 0.29* 0,07
5 i e s - y 2 0.30"
1 - d . ol W . N .2
Tt =5 5 EEE% 5 .22/20.8.00/20.3 0.2110.24
B 117 17 Mo N ] \\
L - L - 4 {} 1.1 -
117 1 T i ! N
B A, :
o EEE PrEF ERSRRRRT A Y YR O o 0.38°
International Joint Commission
Passamaquoddy Tidal Power Survey
LEGEND TEST DESIGNATIONS NOTES !
3 Plastic Limit CDD Consolidated-drained direct shear test Top of overburden el. -58.5 M.S.L. TIDAL PROJECT
@ Moisture Content CUT Consolidated-undrained triaxial compression test Soils terminolopy reference cited
A Liquid Iimit UUT Unconsolidated-undrained triaxial compression test on plate 2-35 SOITS TEST DATA
¢ Unit Dry Weight UC-U Unconfined compression test - undisturbed soil Asterisks indicate average value of ; ,
UC~-R Unconfined compression test - remolded soil two or more tests BORINT 101-D, SHEET 1 i

International Passamacuoddy Engineering Roard

October 1959 Dwg Wo  T37-288 L
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DEPTH BELOW TOFP OF OVERBURDEN, IN FEET

JOHNSON  BAY

MOISTURE CONTENT AND ATTERBERG LIMITS UNIT DRY WEIGHT SHEAR STRENGTH
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International Joint Commission
Passamacuoddy Tidal Power Survey
LEGEND TEST DESIGNATIONS TOTES

B Plastic Limit
® Moisture Content
A Liquid Limit
¢ Unit Dry Weight

CDD Consolidated-drained direct shear test

CUT Consolidated-undrained triaxial compression test
UUT Unconsolidated-undrained triaxial compression test
UC~U Unconfined compression test -~ undisturbed soil
UC=-R Unconfined compression test - remolded soil

Top of overburden el. -58.5 ¥,S.L.

Soils terminology reference cited
on plate 2-35

Asterisks indicate average value of
two or more tests

TIDAL PROJECT
SOTLS TEST DATA
BORING 101D, SHEET 2
International Passamacucddy Engineering Board

" October 1959 Dwg Mo TGT7-289
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DEPTH BELOW TOP OF OVERBURDEN, IN FEET

EASTPORT CHANNEL

MOISTURE CONTENT AND ATTERBERG LIMITS UNIT DRY WEIGHT SHEAR STRENGTH
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International Joint Commission
Passamaquoddy Tidal Power Survey
TEST DESIGNATIONS NOTES

LEGEND

@ Plastic Limit

O Moisture Content
A liquid Limit

© Unit Dry Weight

CDD Consolidated-drained direct shear test
CUT Consolidated-undrained triaxial compression t.est
UUT Unconsolidated-undrained triaxial compression test
UC-U Unconfined compression test = undisturbed soil
UG-R Unconfined compression test - remolded soil .

Top of overburden el. -116.6 M,S,L.

Soils terminology reference cited
on plate 2.35

Asterisks indicate average value of
two or more tests

TIDAL PROJECT

S0ILS TEST DATA

BORING 102-D, SHEET 1

International Passamaguoddy Engineering Board

October 1959 Dwe No T37-290
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DEPTH BELOW TOP OF OVERBURDEN, IN FEET

EASTPORT CHANNEL

MOISTURE CONTENT AND ATTERBERG LIMITS A DNIT DRY WEIGHT - _ SHEAR STRENGTH
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International Joint Commission
Passamaguoddy Tidal Power Survey

LEGEND TEST DESIGNATIONS NOTES ,

B Plastic Limit CDD Consolidated-drained direct shear test Top of overburden el, -116,6 M.S.L. TIDAL PROSECT

O Moisture Content  CUT Consolidated-undrained trisxial compression test Soils terminclogy reference cited

A Liquid Limit UUT Unconsolidated-undrained triaxial compression test on plate 2-35 SOILS TEST DATA

& Unit Dry Weight UC-U Unconfined compression test - undisturbed soil Asterisks indicate average value of '
UC-R Unconfined compression test - remolded soil two or more tests RORING 102-D, SHEET 2

_ International Passamaquoddy Engineering Board

October 1959 Dwe No TG7-291
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» IN FEET

DEPTH BELOW TOP OF OVERBURDEN

EASTPORT CHANNEL

MOISTURE CONTENT AND ATTERBERG LIMITS . UNIT DRY WEIGHT SHEAR STRENGTH
Percent of Dry Weight | Pounds per Cubic Foot CDD | GUT |UUT |uc-U [UC-R
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International Joint Commission
Passamaquoddy Tidal Power Survey
LEGEND TEST DESIGNATIONS NOTES
[ Flastic Limit ~CDD Consolidated-drained direct shear test Too of overburden el. -116.6 M. S5,1. : TIDAL, PROJECT
© Moisture Content CUT Consolidated-undrained triaxial compression test Soils terminology reference cited
A Liquid Limit UUT Unconsolidated-undrained triaxial compression test on plate 2-35 S0ILS TEST DATA
& Unit Dry Weight UC=U Unconfined compression test ~ undisturbed soil Asterisks indicate averase value of
UC=-R Unconfined compression test - remolded soil two or more testis BORING 102-D, SHEET 3

Internationzl Passamagquoddy Engineering Board

October 1959 Dwg No  TG7-252
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DEPTH BELOW TOP OF OVERBURDEN, IN FEET

PASSAMAQUODDY BAY

MOISTURE CONTENT AND ATTERBERG LIMITS UNIT DRY WEIGHT SHEAR STRENGTH
Percent of Iry Weight . Pounds per Cubic Foot CDD  OUT UUT |UC-U {UC-R
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Tnternational Joint Cormission
Passamacuoddy Tidal Power Survey
S NOTES _
Iﬂmg.?stic Limit EBESDT gomngoehﬁggi ~drained direct shear test _ Top of overburden el. -G0.1 T:.T.S.L. TIDAL PRAJECT
© Moisture Content CUT Consolidated-undrained triaxial compression test Soils ieimlg%gw reference cited SNTT.S TEST DATA
A Liquid Limit UUT Unconsolidated-undrained triaxial compression test , 00 D30 . L et
¢ Unit Dry Weight UC-U Unconfined compression test - undisturbed soil TLSLS 1neioate average value o

UC-R Unconfined compression test - remolded soil

two or more tests BORING 103-D
Tnternstional Passamacuoddy Bngineering Board

October 1959 wg Yo TGP-293
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PASSAMAQUODDY BAY

MOISTURE CONTENT AND ATTERBERG LIMITS UNIT DRY WEIGHT : SHEAR STRENGTH
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International Joint Commicsion
: Passamaouoddy Tidal Power Survey
LEGEND TEST DESIGNATIONS HOTES , '
El Plastic Limit . CDD consolidated_drmed direct sh'ear test ‘ TO'!E) of over"burden el. —106.6 7:”. S. I. TIDAL PROJECT
© Moisture Content GUT Consolidated-undrained triaxial compression test Soils terminology reference cited
A Liquid ILimit UUT Unconsclidated-undrained triaxial compression test on plate 2-35 SOILS TEST DATA
& Unit Dry Weight UC-U Unconfined compression test - undisturbed soil Asterisks indicate averare value of
UC-R Unconfined compression test - remolded soil two or more tests BORTNG 10L4-D, SHEET 1

International lPassamaguoddy Engineering Board
1 i

October 1959 - Dwe No T07-29L |
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PASSAMAQUODDY BAY

MOISTURE CONTENT AND ATTERBERG LIMITS UNIT DRY WEIGHT SHEAR STRENGTH
Percent of Dry Weight Pounds per Cubic Foot cop | CUT UUT |UC-O UC-R
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Internztional Joint Commission
Passamaquoddy Tidal Power Survey
HOTE,
LEGEND TEST DESIGNATIONS TOTES

3 Plastic Limit
® Moisture Content
A Liquid Limit
© Unit Dry Weight

CDD Consolidated-drained direct shear test -

CUT Consolidated-undrained triaxial compression test
UUT Unconsolidated-undrained triaxial compression test
UC~U Unconfined compression test - undisturbed soil
UC-R Unconfined compression test - remolded soil

Too of overburden el, -106,6 M.S,T.

Soils terminology reference cited
on plate 2-35

Asterisks indicate average value of
two or more tests

TIDAL PROJECT
S0I1LS TEST DATA
BORING 10L-D, SHEKET 2
International Passamacuoddy Engineering Board

October 1959 Dur No TOG7-295 J
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DEPTH BELOW TOP OF OVERBURDEN, IN FEET

PASSAMAQUOODY BAX

MOISTURE CONTENT AND ATTERBERG LIMITS UNIT DRY WEIGHT -SHEAR STRENGTH
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International Joint Commission
Passamaquoddy Tidal Power Survey
NOTES )
A
LEGEND TEST DESIGNATIONS TTDAT, PROJECT

'O Plastic Limit

© Moisture Content
A Liquid Limit
¢ Unit Dry Weight

CDD Consolidated-drained direct shear test .

CUT Consolidated-undrained triaxial compression test
UUT . Unconsolidated-undrained triaxial compression test
UC=U Unconfined compression test - undisturbed soil
UC-R Unconfined compression test - remolded soil

Top of overburden el. -69.3 ¥.S.L.

Soils terminology reference cited
on plate 2-3%

Asterisks indicate average value of
two or more tests

SOTLS TEST DATA
BORING 105-D
International Passamaguoddy Engineering Board

October 1959 _ Dwg No T‘GT;296
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QUOLDY RDADS

UC-R Unconfined compression test - remolded soil

MOISTURE CONTENT AND ATTERBERG LIMITS UNIT DRY HEIGHT . SHEAR STRENGTH
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International Joint Commission
Pagsamaquoddy Tidal Pawer Survey
LEGEND TEST DESIGNATIONS _ WOTES
B Plastic Limit CDD Consolidated-drained direct shear test Top of overburden el. -29.8 1. 5.L. TIDAL PROJECT
© Moisture Content CUT Consolidated-undrained triaxial compression test Seils terminology reference cited
A Liquid Limit UUT Unconsolidated-undrained triaxial compression test on plate 2-35 ‘ SOTLS TEST DATA
& Unit Dry Weight UC-U Unconfined compression test - undisturbed soil Asterisks indicate average value of
two or more tests BORING 107-D
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LEGEND TEST DESIGNATIONS NOTES - '
B Plastic Limit CDD Consolidated-drained direct shear test ‘ Top of overburden el, -132,2 M.5.L. TIDAL PROJECT
© Moisture Content CUT Consolidated-undrained triaxial compression test Soils terminoloey reference cited
A Liquid Limit UUT Unconsolidated-undrained triaxial compression test on plate 2-35 SOTLS TEST DATA
¢ Unit Dry Weight UC-U Unconfined compression test - undisturbed soil Asterisks indicate average value of '
UG~-R Unconfined compression test -~ remolded soil

two or more tests BORING 110D
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LEGEND TEST DESIGNATIONS o ' HNOTES _
8O Plastic Limit ~ CDD Consolidated-drained direct shear test Top of overburden el. 316,8 TIDAL PROJECT
® Moisture Content CUT Consolidated-undrained triaxial compression test Soils terminology reference cited
A Liquid ILimit WT Unconsclidated~undrained triaxial compression test on plate 2-35 SOILS TEST DATA
& Unit Dry Weight UC=U Unconfined compression test = undisturbed soil Asterisks indicate average value of
two or more tests : BORING 11L-D ;

HEAD HARSBGUR PASSAGE

UG-R Unconfined compression test - remolded soil
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LEGEND TEST DESIGNATIONS 0TS -, e .
[ Plastic Limit CDD Consolidated-drained direct shear test Top of overburden el, -5k 3 I.S.L. TIDAL PROJECT
© Moisture Content CUT Consolidated-undrained triaxial compression test Solls ;zzmlgoéggr reference cited
A liquid ILimit UUT Unconsolidated-undrained triaxial compression test ?;n pave. st SCILS TEST DATA
© Unit Dry Weight UC-U Unconfined compression test - undisturbed soil \sterisks indicate average value of :
two or more tesis ROAING 115-D

UC-R Unconfined compression test - remolded soil
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NOTES
LEGEND
O Moisture Content Soils terminology reference cited H

A Liquid Limit on plate 2-35 SOILS TEST DATA
& Unit Dry Weight _ Asterisks indicate average value of ;
two or more tests BORINGS A¥-1 and AM-P !
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CARRYIWGPLAGCE COVE

MOISTURE CONTENT AND ATTERBERG LIMITS ‘ UNIT DRY WEIGHT (ESTIMATED)
Percent of Dry Weight Pounds per Cubic Foot
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International Joint Commission
Passamaquoddy Tidal Power Survey

: NOTES . :
LEGEND _ Top of overburden el. -2 M.S.T. - _ TTIDAL PROJECT

O Plastic Limit - Soils terminology reference cited .

O Moisture Content on plate 2-35 SOILS TEST DATA

A liquid Limit Asterisks indicate average value of o

¢ Unit Dry Weight two or more tests BORINGS AH-L and AH-%

International Passamaquoddy Engineering Board |

October 1959 Dwe No  TG7-302
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PLASTICITY
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CH - Inorgonic clay of Kigh plasticity

CL - Inorganic clay of low to medium plasticity
MH - Inorganic silt of high plosticity

ML - Inorganic silt of low to medium plasticity

OH - Organic clay of high plasticity

OL -Orgonic silt ond clay of low plasticity
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101-D 1l -108.5 50.0 CL O L2 23 19 o
102-D 34 -270.4 153.8 CL 26 32 17 15 A—-- égﬁlgﬁogggm
103-D 6  -112,1 22,0 CL 78 79 30 L9 B----- OF TYPIGAL FOUNDATTON SOTLS
104-D 5 -125.5 18.9 CL 82 8k % 53 X—-— - N
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o} 104 -D 5

pas 107 -D 4 INTERNATIONAL  JOINT COMMISSION

& 114-DAl 3 PASSAMAQUODDY TIDAL POWER SURVEY
For sample depth and TIDAL PROJECT

identification, see plate 2-35.

TYPICAL CONSOLIDATION DATA
PRESSURE -VOID RATIO CURVES

Encircled symbols indicate international Passamaguoddy EngineeringBoard’
final rebound points.
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Pregsure in Tons Per Sq. Ft. Pressure in Tens Per Sq. Ft. Prassure in Tons Per Sg. Ft.
PASSAMAQUODDY BAY QUODDY ROADS HEAD HARBOUR PASSACE
"HOLE 10L~D, SAMPLE 5 HOLE 107-D, SAMPLE L HOLE 11L-DA, SAMPLE 3
Depth FElev. Gradatien Atterberg U Censelidation
Hole Sple to of 2 4 % .Iimits s Pressure = Void Ratio Data P 0
Nos No. Top Top Gr SaFi ILPLPT C & W &y e ®.5 °1.0 2,0 .0 ®zo 0.0 ° c o
101-D 14 50.3 -108.9 O O 100 k32023 CL 2.77 38 86 1,116 1.075 1.051 0.981 0.900 0.798 0.692 0,786 1.61 1.L0
102-D 34 15h.1 =270.7 O 2 98 271512 CL 2.76 2L 10k 0.623 0.588 0.565 0.545 0.530 0.508 0,477 0.520 2435 L€l
103-D 6 21.8 -111.9 O O 100 76 29 b7 CH 2.74 77 56 1.981 1.720 1.452 1,222 1,108 0.972 1.210 0.27 0.35
10h~D 5 18,2 -12he8 O O 100 84 3153 CH 2.71 82 55 2.366 1.959 1.656 1.h13 1.285 1.132 1.433 0.22 0.28 International Joint Commission
107-D L 139 =L3.7 0 2 98 371720 CL 2.78 31 95 0.810 0.782 0.762 0. 734 0,708 0.668 0,588 04797 3.L15 0.10 Passamaquoddy Tidal Power Survey
31k-Da 3 19.3 -336.1 0 O 200 1452223 CL 2.79 L1 B3 1.214 1,171 1,311 1.000 0.921 0.832 0,701 0.950 0.92 0.66 TIDAL PROJECT
NOTES: (1) Terminology in table headings is in acecordance with "Glossary of Terms and Definitions in Seil Mechanics" shown on SFEAR STRENGT® AND CONSCLIDATION DATA

2.0

pages 1826~1 through 1826=L0 of the October 1958 Journal of the Soil Mechanies and Foundation Division of the
Proceedings of the American Society of Civil Pngineers, -except for the term "s" which indicates the shearing strength
cbtained from an unconsolidated undrained trisaxial compression test.

(2) U.S.C. indicates Unified Soil Classification of the Corps of Pngineers, U. S. Army.

{3)

Figures in parentheses indicate number of tests averaged.
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50 /
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CHEMICAL AGGREGATE — ALKALI
REACTIVITY TEST REPORT

TABULATION OF PETROGRAPHIC

Coarse Aprrepate
Shack-

ANALYSES AND

Linear Excansion

Cocls x 10-5/°F Betial  ford Head Bethel Dennysville

Jasic Ipneovs 36 to L7 5% 200% 1z b4
Fine-prained Schlsts,

é:frg::.: a0 4.3 to 5.2 628 34 k' 4
weathered Rooks 5.6 g ‘ B 4
Granite L2 5% 9% Lg
Feldspar -4 232
Quartz 8.5 3 155 25%
Hiscellanecus trace 3%
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svsorption £ 0.7 0,2 05 tol.2 0.6

Soundness, 5 Cycles

MS0) L 1oas 2.3 52 Sk 1.2
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1z 1008

549
i3
%

13%

25%
k+3

267 2.8Y
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15.8 2

Shackford Heed

RELATIVE DYNAMIC MODULUS OF ELASTICITY, PER. CENT

ENGINEERING PROPERTIES
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RESISTANCE OF CONCRETE BEAMS TO ACCELERATED
FREEZING AND THAWNING

NOTE !
FOR LOCATION OF MATER!AL SOURCES,SEE PLATE 2-3
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INTERNATIONAL PASSAMAQUODDY
ENGINEERING BOARD

INVESTIGATION OF INTERNATIONAL
PASSAMAQUODDY TIDAL POWER PROJECT

APPENDIX
OBSERVATION AND PREDICTION OF TIDES

3-01 PURPOSE

An accurate knowledge of the tides and currents was required
for the planning of the proposed international Passamaquoddy tidal
power project. A knowledge of tides and currents was needed for
(&) reducing soundings to a common datum to prepare maps of under-
water areas, (b) planning deep water drilling operations and reducing
the results to a common datum, (c¢) setting the top levels of all
tidal structures, (d) setting of gates and turbines, (e) design of
the tidal dams, (£) estimating the power from the tidal power project,
and (g) estimating the effect of the proposed tidal powsr project on
the tldes in the region.

3-02 SGCOPE

This appendix presents data on tide and current cbservations
for the tidal project area, and the analyses of these data required
for the study of the proposed tidal power project.

3-03 PROJECT LOCATION

The proposed international Passameguoddy tidal power project
wuld be located at Cobscook Bay, Maine, and Passamaquoddy Bay,
Maine and New Brunswick, near the mouth of the Bay of Fundy where
it opens into the Gulf of Maine, plate 3.l. The continental shelf
drops off abruptly on a line oceanward of Cape Cod, Georges Bank,
Browns Bank, and Nova Scotia, leaving a shoaled opening about 250
miles wide from Cape Cod to Nova Scotia into the Gulf of Maine.

The shore and bottom configuration operate to amplify the tide ranges
in the Gulf of Maine over those prevailing on the south -shore of

Cape Cod and the east shore of Nova Scotia. This can be verified by
comparing the mean tide ranges along the shofe, the values of which
are noted on plate 3«1, )



'.l.'he Bay of Fundy extends north-eastward from the Gulf of
Maine. The tides are further increased by its shape, and tide
ranges at its head are the greatest in the world, A% Eastport,
Maine, near the location of the propesed tidal power project,
the average tide range is 18,1 féet, The project layout including
the loeati'cm of the major features is shown on plate 3=2,

30l OBSERVATION OF TTDE smezs

8. Gemeral, As indicated on pla'ba 3=3, observations of
tide stages have been made at mumercus locations in the Cobscook-e
Passamaquoddy Bgy ares. This work has been prineipally in comngce
tion with navigation (either for hydrographic mapping or tide tables)
and to a lesser extent for investigating the possibilit.y of developing
a tidal power pro;}ect.

e U.S. coaa'b and Geodeti'e + The earliegt data
obtained by the Usde . etic Survey in the tidal project
grga was for a one-mont pe;'i.od in 1841, for the St, Croix River
at Calsis, Maine, In 1861 and again in 1878 neasurements were made
at Iubéc, Maine, for short periods of time, In 1887 and 1888, the
Geodetic Survey observed the tides for short periods at a number of
gtetions while they were performing the detailed hydrographie mape
ping.of the area,  One month of observations were made in 1918 at
Eastport, Meine; and Midjik Bluff and St, Andrews, New. Brunswi.ck. The
major station in the area is the permanent tide-gaging ‘station which
the .U.S. Coast and Gecdetic Survey has maintained at Eastport, Maine,
since 1929, The instrument 4s the standard Coast and Geodetic au'bomatic
tide:gage which ‘has been used by the agency for meny years. A local
observer takes care of the station and periodically sends the instru-
ment racord to Washington, D. C., for ptrocessing., The processed data
are tabulated as 1ndicated belows . .

(1} On fonn 138 on which the time and stage of
each high and low water is emtored. One form covers
one month of record,

(2) on form 362 on which the tide height at each
hour is entered., One gide of the form covers one week
of record, and both sides of the form are used,

(3) On :f.‘orm k72 on which is en‘bered the mesn t.ide

range for each mohth for a particulsr station. The
mean range for each year 1s computed on this’ table.

3m2



Copies of all forms 138 which had been tabulated for Eastport were obtained
for analysis for the proposed tidal power project. Data on the other :
observations were not obtained because the information was adequately
covered in their yearly publication, "Tide Tables, East Coast, North and
South America, including Greenland." The table enti'bled "Tidal Differences
and Other Constants," gives differences in time and height for high and .
low tides for various locations compared with Eastport. Table 3-1,
extracted from "Tide Tables" for 1958, provides information on sta'bions

in the project area for ready reference.

¢e GCooper's Observations., Tidal observations were made by Dexter P,
Cooper, Inc., at a number of locations in the Passamaquoddy Bay area in
the period from 1924 to 1929, Cooperts studies of the tidal power were
apparently based on long-term tide observations at Salnt John, New
Brunswick, about 50 miles northeast from Eastport, Maine, corrected by
constants for each location. Records for short periocds were also taken
at Curmings Cove on Deer Island, Welshpool on Campobello Island, and at
other places as noted on plate 3-3. Since continuous Eastport gage
records were available for the current study of the international tidal
power project, no use was made of these fragmentary records,

A pa.rticula:r problem was recognized at that time in the Falls
Island area of Cobscook Bay where channel restriction caused a reversing
fallse To examine this problem and the. general problem of water slopes
in the project pool areas, simltaneous staff readings of the tides were
taken at several locations, These observations and studies based on them
established the general scope of the pool-slope problem for the current
tidal project and accordingly a detailed description of these studies is
given later in this appendix. Cooper alsc took numerous staff gage
records during the progress of his underwater mapping operations, The
gage readings were used to reduce soundings so that the resulting maps are
all referred to the mean sea level datum, These readings are not listed
in this appendix.

' 'de UsSe. Gorps of Engineers Studies, 1935. The ®United States Corps
of Engineers in their studies of a:one-pool tidal power project located
entirely in the United States made a comprehensive survey of tides in
the Cobscook Bay area, Gage locations are shown on plate 3=3 and the
types of records cbtained are summarized below:




Type of No. of Length of

gage locations record
Standard h ' L to 6 mos,
Portable 13 1 month
Staff 13 L4 to 20 days
Staff 2 1 month

0f the above records, only the rolls of the standard tide gages,
and sunmmaries (without time differences) of the gages are availe
- ables The lack of information on time of high and low tide with
respect to the Eastport gage made it impossible to use the infor-
mation on the sunmaries., The tide rolls in the Gravel Point
indicate that the water surface in Demnys and Whiting Bays is
~ esgentlally level.. :

e, U,S, Geological Survey, 195l.. In the summer of 1951, -
~ the. United States Corps of :Engineers and the Geologicel Survey
- made experiments in the tidal project area to determine whether
.- & modified scnic scunding device might be used to furnish infor.
mation on the depth of underwater sediments, " In connection with
this work, automatic stsge recorders were set up the Geoclogical
Survey at Lubeec, Maine (key number 17 on plate 3-3) Cummings Cove,
Deer Island, New Brunswick (18)3 Letite, New Brunswick (20)3 and
Chocolate Cove, Deer Island, New Brunswick (L5). Information from
these gages, supported by information from staff gages, were used
to reduce all soundings to a mean sea level datum, These data indi.-
cated that the differences in amplitude and phase at. the locations
studied were quite small, The studies carried out in 1951 are
described in more detsil in appendix 1, "Underwater Mapping,®

£, Tidal Prog‘eot’ Survey, 1957 = 19;8. Five automatic stage
recording instruments were purchased in 7 for the current survey.
These were installed at Eastport, Maine, (key number 1 on plate -
3-3)s St Andrews; New Brunswick (3)3 Letite, New Brunswick (20); -
Wilson Beach, Campcbello Island, New Brunswick (4O); and Fairhaven, -
Deer Island, New Brunswick (4L). The.gage at Eastport was installed
‘to serve as a base for comparing other gages and to provide dats
for reducing soundings. The new gage also furnished the only
Eastport tide gage record from July 1957 to 1 August 1958, during
part of the period that the Coast and Geodetic automatic tide gage
was out of service. The other gages were set at or near potential
sites for the tidal project powerhouse or gates. It soon became
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apparent that the S5t. Andrews site would not be used for the
tidal powerhouse (the St. Andrews plan, Study 6A - 2,613 was
abandoned as described in appendix 5, "Selection of Plan of
Development!), Accordingly, the gage was dismantled and used
for a series of four. l=month observations in the Falls Island
area., The data was plamned for detailed studies of the effect
of the constrictions in this area on power production. The
gages were located at Edminds (key number 16 on plate 3-3),
Falls (42), Neck (L3), and Denbow (Lk). The Passamaquoddy tidal
power survey gaging program ended 1 August 1958,

3-05 ANALYSIS OF TIDE STAGE DATA

a8, Ceneral. Analysis of the tide stage data described in
previous paragraphs was generally limited to a compilation and
evaluation of the observed data. A mathematical analysis of the
astronomical tide producing forces, and the effects of shore and
bottom configurations was not,; in general, found necessary. These
factors are described in great detail in a number of publications
such ag "Tidal Hydraulics," by Brig. Gen. George P. Pillsbury,
USA; Retired; "The Tide," by H. A, Marmeri and "Manual of Harmonic
Analysis and Predictions of Tides," Special Publication 98 of the
U.S, Coast and Geodetic Survey. An exception to the above is the
analysis described later in this sppendix concerning an evaluation
of the effect of the proposed international tidal power project on
the tides in the Bay of Funday. In the evaluation studies, Eastport
gage has been congidered the basic gage because of its length of
record., Other gages have been related to the Eastport gage.

be Iype of Tide. Tides at Bastport, Maine,closely approx-
imate a sine curve in shape and have two well defined high tides
and low tides each lunar day of 2} hours 50 minutes, One high
tide during a day is usually higher than the other, and one low
tide is lower than the other. Tide heights also change from day
to day, affected to the greatest extent by the phases of the moon
which completes a cycle in 29,5 golar days, and the distance of
the moon from the earth which completes & cycle in 27.5 days.
Greatest spring tides occur when the moon is nearest to the
earth (perigee) and is either new or full. At new moon the
earth, moon and sun are in line in that order, At full moon,
the moon, earth;and sun are in line in that order. Neap tides
at apogee (moon farthest from the earth) have the least range.




The nature of the tides is illustrated by figure 1 on plate 3-4
which shows the tides for a 29.5.day period, 2 October to 31 October
1937. Also indicated'with the tide curves are date on the aspects
of the moon: having ‘the greatest bearing on the tides, The month

of October 1937 has been used for computations of tidal project
power as described in sppendix 13, "Project Power," and for other
studies,

Co- Moans of Observed Tide Ranges, The tide range is de-
fined for this appendix as the difference in level in feet between
a low tide and the following high tide in feet, For a longer
period of time, the mean tide range may be computed as the differ-
ence between mean high water and mean low water for that period.
Tide range is of primary interest in the current study of the tidal
power project, because, as developed in appendix 13, the energy
output of the tidal power plant varies with the tide range., Accord-
ingly, a series of studies concerning tide range were undertaken.,
In the first of these, monthly mean tide ranges at Eastport, Maine,
were copied directly from the forms 138,obtained from the United
States Coast and Geodetic Survey, for each month for the years 1930
(the first full year for which tide cbservations were available)
through 1956, These are summarized in table 3-2, The lowest
monthly mean range, 17.10 feet, occurred in December 1930, and the
largest, 19,01 feet,in October 1940. Also shown in the same table
are the ammual mean tide ranges which vary from 17,52 feet in 1930
to 18,52 in 1940, The l19-year mean for the years 1930 through
1948 is 18,06 feet and the period 1938 - 19% is 18,14 feet. The
average of these two values is 18,10 feet., The 19-year period. is
used ag being most nearly representative of a complete cycle of the
factors causing tides. Also shown at the bottom of table 3.2 are
19.year mesns for each month. The average of the 19-year means
for December, the month of maximum power demsnd, is 17.9L feet,
0.16 foot less than the mean tide range of 18,10 feet.

d. Trend of Tide Range.

(1) At Eastgbrt, Maine, A tendency of the tide range at
Eastport to increase is indicated by l9-year moving averages as
follows:
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19.year period Mean range in feet

1930-48 18,06
1931-49 - 18,06
1932-50 18,07
1933.51 18,08
193452 18,09
193553 18,10
1936-5) 18,12
1937-55 18.13
1938456 18,1

The average rate of increase was 0,01 foot per year.

- {2) At Saint John, New Brunswick. The tide gage records
for Saint John have not been processed in the same manner as the
Eastport records. However, the Saint John records have been har=- -
monically analyzed by the Canadian Hydrographic Service since 1895,
and these analyses-give the amplitude (H) of the principal semi-
diurnal constituent (Mp). The range of this constituent ig very
close to the mean range of the tide, and any change in the mean
range would also be apparent in the constituent Mp. The increase
in mean tide range at Saint John is indicated by the following
means for periods of 18.61 years each:

Period Mean range (2H of M, in feet)
1895-1913 19,58
1914=1931 19.71
1932=1950 19,85

The average rate of increase was 0,007 fool per year.

(3) §¥EE§£Z° The causes of the increase in tide range
are not known. he astronomical forces causing the tides are he-
lieved to have varied but little in thousands of years, "The =~
indicated rate of incresse of the tide range is between 0,007 and
0.01 foot per year. If the trend should continue, the increéase in’
tide range in the next 100 years would be between 0.7 and 1.0 foot,



e, _frequency of Tide Ranges, High and Low Waters, The
heights of each high and preceding low tide and date, from the
U.S. Geclogical Survey forms 138 for the period 1931 through 1949,
were entered on punch cards, A highespeed electronic computer was
then uwsed to compute the tide range and to punch it on the card.
There were 13,400 cards used in this study, one for each tide range.
Using electric accounting machines (a sorter, a collator, and a
tabulator), the cards were sorted into groups according to the
tide range. The cards in each group were counted, and the results
were summed and plotted as the “all months! tide range occurrence
curve shown on figure 2, plate 3«4, In the period (1931 through
1949) the mean tide range was 18.06 feet, the matimum was 25,7
feet, and the minimum 11.3 feet., The December tide range and the
high and low tide elevation occurrence curves,shown on plate 3-k,
were computed in a similar mamner, The curves of tide range fre-
quency, figure 2, were used in the tidal power studies; and the
curves of high and low tide elevation frequency, figures 3 and l,
were used as guides in setting the levels of the various tidal
project features such as tidal dams (top and bottom level of
slope protection), locks, and filling and emptying gates,

3-06 PREDICTED EASTPORT TIDES

: s. General. The United States Coast and Geodetic Survey
- predicts the time and level of each high and low tide for a
number of stations by means of a2 mechanical analog computing
machine located in their Washington, D. C, offices, These pre-~
dictions are published annually in regional publications of
"Tide Tgbles." Predictions for the Lastport station are in the
volume subtitled "East Coast, North and South America, including
Greenland.® The ability to predict tides has an important bear-
ing on the concept of a tidal power project,because this enables
the prediction of power production to a degree of accuracy not
attainable at any normsl hydroelectric power projects In view
of the foregoing, studies were undertaken to compare predicted
tide ranges for Eastport, Maine, with the tide ranges which were
observed at this station. Tide ranges are more significant than
tide heights as far as power production is concerned,
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b, Differences Between Predicted and Observed Tide Ranges. To
evaluate the error inherent in predicting power production during any
-one tide cycle s each predicted tide range was compared with the cor-
responding observed range. The year 1940 was selected for the comparison
because the mean predicted and cbserved tide ranges for the year are very
nearly the same. The difference between each predicted tide range and
each observed tide range was computed, and the differences were grouped
according to size and sign. These da:l:a were plotted to produce the oc-
currence curve shown on plate 3=5, This curve is a measure of the day- .
to-day variations of the actual tide ranges from those predicted, and
reflects such noncyclic influences as wind and barometric pressure.

Any desired informatioh regarding the distribution of the differences ean
be obtained from the curve. 1In a year when the predicted and observed
mean ranges were nearly equal, 5 percent of the predicted tide ranges
exceeded the observed by more than 0.97 foot and 5 percent of the predicted
tide ranges were less than the observed by more than 0.88 foote

¢. Means of Predicted Tide Ranges. The "Tide Tables" previously
cited were used to compute the monthly mean tide ranges, These are
tabulated on table 3=3, The smallest monthly mean, 16.61 feet, was
predicted for May 1952; and the largest 19,13 feet, was predic‘bed for
October 1940. The annual means were 2180 .computed in the same mamer’
as for the andlysis of observed tide ranges. The smallest predicted annual
mean is 17,08 feet for 1952 and the largest 18456 feet for 1939, The
comparsble values for cbserved conditions (par. 3=05¢) are 17.52 for 1930
and 18,52 for 194G,

d. Differences Between Predicted and Observed Morrbhly Mean Tide R
Using the technigue described in the preceding paragraph 3-006b and the da
for the 19-year perfod 1930<48 from tables 3=2 and 3~3, the frequencies of
various differences bhetween predicted and observed monthly mean tide ranges
were computeds. The results yielded the curve on plate 3«6, This curve
intersects the zero line at about 18 percent indicating that 82 percent
of the predicted monthly mean tide ranges were less than observed, Carrying
the analysis still further, it would found that, on the average, predicted
monthly mean tide ranges were 0,29 foot less than the observed, 5 percent
of the predicted monthly mean tide ranges exceeded the observed by more
than 0,26 foot. 5 percent of the predicted monthly mean tide ranges were
less than 'bhe observed by more than 0,77 foote
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' Differences Between Predicted and Observed Annual Mean Tide Ranges.
Also shmm on plate 3«6 are the differences between predicted and obgerved
annugl mean tide ranges for the samg 19-year period, 1930-h8. It can be
seen that the trends are similar to those for the differences of monthly
means . of predicted and obserwved tide rs;nges. ‘In view of the obvious and
substantial differences between predicted and observed mean tide ranges, the
annual mean ranges of both predicted and observed tides were plotted for
each year as shiown on plate 37, Thig'showed that, for the years for which
relatively high t:l.des were predicted 9 ‘the differenee between the predicted
and’ obgerved, annual mean tide ranges was quite small; . and conversely,, that
wheére small annual mean tide ranges were predicted, the observed mean
range was svbstantially g'eater than ‘the predicted. On plate 3«7 are
plotted the differences between the obgerved and predicted anmal mean
tide ranges. The differences arg eyclical s suggesting that a reevaluation
oi_' valuee uged in predicting the tides might:be made in the interests of
accwracy. -Sines better tide predictions are not needed for naviggtion, the
 reevaluation can be justified only by the construction of the proposed
'b:LQal pcwer prQ:lect. .

£o Gomputed Tide Gurve. In computing the power which could be
developed by the tidal power project, using the high-speed digital
computer described in appendix 13, "Pro;ject Power ," it was necessary
to use a complete tide curve ra'bher than the tide range only. This
was necessary because, the routing of flow from the.ccsan through the
£i1ling gates to the upper pool , through the powerhouse to the lower
-pool, and through the emptying gates back to the locean. was made using
15-minute time intervals to secure the needed accuracy. Because of the
nature of the compu‘oer it was found desirable'to use the tide equation
rather than to read 15-minu1;e observed tide stages. The United States
.Coast and Geodetic Swrvey furnished for this purpose the following data
for compu‘bing Eastport predicted tides for the yegr 1937 .

h= 2, +.2 fH cos(at +ok), whore

h is height of t'ide at any tine. "t

Zo is elevation of mis.l. above chart datum,

f is an amplitude factor which varies. throughout
a cycle of 18,6 years.

H is average amplitude of a constituerrb. '

a is angular spedd of a constltuent.

o-l.is initial angle when 4 = 0, -

I:E'Z = 0 the formula w1l be h = 2 fH eaa(;at +°°)
a.nd the heights will be referred to mis.l.
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The constants for predicting tides at Eastport for 1937 are
as follows:

v

Congtituent £ a oM Jan 1
M, 8,65  28,981042 322
S3 Lo45 30,0000000 13
N5 1.85  28.4397295 249
K O.L5 15,0410686 258
M, 0,20  57,966208 38
09 0035 13,9430356 17
Mg 0.15 86,9523127 262
N 0eh0 28,5125831 357
M 2 0,05 27.968208} - 128
(ex ) 2 0.25 27,8953548 176
A2 0015 29,14556253 89
Sy 0,05 - 15,0000000 103
9 0,05  15,585433 357
S sa 0,05 0,0821373 191
Sa 0,05 0,0l10686 133
Ql 0,05 1303986609 53
To 0,10 29,9589333 i1
> 0,15 15,958931) 233
Lo 0,65 29,5284789 18l
K 0,40 30,0821373 236
), 0.05 58,9800k 61

a is in degrees/solar hour,

¢~ is in degrees.

fH is in feet.

t=0at Jamary 1

The time is eastern standard.
(time meridian 75%W)

Using the above relation, the computer produced; among other things,
a tabulation of tide elevations st lS-minute intervals for a lunar
month, 29,5 solar days, extending from O hours 2 October to 12 hours
31 October 1937, This period was selected for power computations
because the predicted mean tide range approximated the long term
observed mean tide range; and because the frequency distribution of
the tide ranges approximated that for the long term., Becauss the
computations were made only for 15-mimute intervals, it was necessary
to compute further to determine the levels of the high and low tides,
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This was done by fitting a parabola to the three highest (or lowest) '
computed points at & high (or low) tide, setting the first deriva-
tive equal to gzero, and computing the height for this point, This
resulted in the formulas

.
Im =Y, - (Y3 = ¥q)
2 i %
Il = 2 + ‘13)
where Ym is the high (or low water) elevation,
Y, is the maximum (or minirmm)
tabulated elevation, |
Y4 is the preceding tebulated elevation,
'I3 is the following tabulated elevation,
The high and low tides in the period under consideration were com-
puted using the above relation, and the rising tide range computed.
The mean of these 57 tide renges is 18.12 feet; which is satigfact-
orily close to the mean range of observed tides at Eastport, Maine,

18,10 feet (par, 3-058).. The high and low tides are shown on
figure 1, plate 3-h. = . |

g Adjustment for the Longitude of the Moons Node. The
inclination of the moon's orbit to the equator has.a maximm value

of 28.,6° and a minimum value of 18.3%°, The time between the maximum and the
minimoum is 9,3 years, meking the cycle 18.6 years long. The maximum
inclination occurs when the ascending node the moon's celestial orbit

and the ecliptic coincides with the vernal equinox, The minimoum °
:inelination oceccurs when the coincidence is with the antummal equinox,

This long-term variation of the moon is the basis for the use of the

19-year period for determining the mean tide range, The long«term

mean tide range can be approximated by miltiplying & leyear mean

by a factor determined from a consideration of the longitude of the

moon's node and other factors, 4 tabulation of factors of this sort

is given on page 92, “"Tidal Datum Planes," by H. 4. Marmer, Special
Publication No. 135, Bevised.(1951) Edition, United States Coast and

Geodetic Survey., Knowing the mean tide range at Eastport; Maine, it
appeared that the annuel mean tide range for any year might be approx-
imated by dividing by the published factor for the year, Using the




18,10~foot mean of the observed tide ranges, the sinusoidal line,
shown on plate 3-T, was developed, It appears that the prediction
on this basis i3 nearer to the observed snmual means than the annual
means computed from published predictions, Therefore, an accurate
prediction of tidal energy output for any year can be made insofar
as tide ranges affect it.

3-07 ANALYSIS QF 1957-58 TIDE OBSERVATIONS -

&, General, Described below is the analysis of the tide
observations made in 195758 in connection with the study of the
proposed h;nternatioml tidal power project, and described in
Paro 3-0

b. - Procedura. The automatic tide gages installed at Letite,

" Wilson Beach, and ot, Andrews, N, B., and Eastport, Me,, were

checked daily by the observers, Record rolls were collected during
periodic visits of survey personnel when the installations were in-
spected and repaired, The tide gage rolls wers processed to determine
the time and stage of each high and low water, These values werse
then tabulated on a printed form, A sample tabulation is presented
as table 3=l

¢, Graphical Representation., The heights of high
and low water were plotted against time, and compared with
the predicted Eastport tides. This graphical comparison is shoun
on plates 3-8 through 3-2li, Also entered on these sheets are the
wind velocity, and direction; and the barometric pressure in inches
of mercury, which dats were secured from the United States Weather .
Bureau observer in Eastport; Maine,

d. Comparison with Eastport Gage. The tide data obtained
from the other automatic gages were compared with the Eastport gage
with respect to time and height of high and low tides, range, and
half-tide level, and the average differences computed for each month,
These monthly average differences are shown on table 3=5 and a

" gummary for the period of record is given below:




_ Wilson Faif* Ste

Letite Beach haven Andrews
- NoBo N,Bo N.B, NoBo
Time difference,
minutes
High water 0 +2 R +6
Low water . - «3 <§ +5 +8
Height differ'ence, ' '
fest ‘ - :
High water +0¢01 Q11 +0.GS +0.30
Low water +0,17  +0,13 =031 =056
Range difference, o ‘
: fﬁath =026 =0425 +0,37 +0,86
Half-tide lsvel
difference, feet +0,09 +0,01 ~Tel3 ~0,13

Minus signs indicate times earlier than Eastport and lower levels
and lesser ranges than Eastport, The foregping table is signifi-
cant to operation of the proposed international Passamaqueddy tidal -
power project because the low tides at the emptying gates, judged
from the Wilson Beach record, might be 0,13 foot higher than at =
Eastport. The lower pool emptying would not therefore be as complete
by that small amount as indicated by computations based on the East-
port gage, Filling of the upper pool would be about zs indicated

by computations using the Eastport gage because high water at Letite,
where 40 of the £illing gates would be located,has very nearly. the
sume tides as Eastport, and because the remaining filling gates are
-at Deer Island Point, very close to the Zastport veference gage, In
‘view of the foregoing, use of the Eastport gage records as a basis.
for computing tidal projeet power is considered psrmissible,

3-08 EFFECT OF STORMS ON TIDES

a, (eneral, The previous discussion on' comparison of individ-
ual observed and predicted tide ranges has, tc some extent, pointed
up the effects of storms on tide ranges, This is based on the 25SUMp=
tion that the principal difference between an observed and predicted
tide range would result from me'l:ero‘logical effects not accounted for
in the tide equation, The analysis was statistical in that it included
relatively long periods of time in which meny tide cycles occurred and
no effort was made to modi.t‘y predicted tide ranges for winds or baro-
- metrie pressure grad:.entSo



On a longw~term basis, the tide ranges, and hence the tidal
plant power, can be predicted with good accuracy. (A comparison
of tide ranges is discussed in par, 3-06 this appendix, and the
predictability of tiddl power is disoussed in appendix 13). No
attempt has been made to correlate winds and barometric pressure
with tide range, This problem would be of principal importance
in the day=-to=day operation of the tldal plant and thersfore
should be examined in deteil if the project is authorized for
construction, However, & limited discussion on observed effects
of wind and barometric pressure on Eastport tides is given in
the next paragraph.

bs Effect of Winds on Tides at Eastport, Wind records are
available Tor Eastport, Maine, irom 1085 until 1952, when the
Eastport Weather Bureau office closed. Of this period, tide rec~
ords are avallable since 1930, -Observed and predicted tide ranges
wers compared for 3=-day periods , centered on the days when
maximum wind velocity was observed, The maximum wind effect occurred
on 20 November 1945, A maximum (Seminute) wind velocity of 55 mileés
per hour from the east wes recorded. The afierncon low tide was 2,3
feet higher than predicted, and the following high tide was 0,6 foot
lower than predicted. Thus;, the observed tide range was 2,9 feet
less than predicted. :

On 8 January 1958, a 30-mile an hour wind for 6 hours from
the southeast (barometer reading of 28,5 inches of mercury) raised
a low tide about l; feet but high tide only 1 foot, On 16 through
18 January winds up to 22 miles an houwr, and a barometrie reading of
29,0 inches. raised low tides up to 1 foot and high tides up to
sbout 2,5 feet, These occurrences are shown on plate 3-18. :

Hurricane "Edna" passed over Eastport in September 1954, Iow
tide wes raised about 1.} feet and high tide by 2.2 feet, .

"It appears that storms gen'eréliy increase both high and low
tide levels, Tide range may be either increased or decreased.

3<09 SLOPES IN TIDAL PROJECT POOLS

a. Ceneral, Slopss in the pools of the tidal power project
would affect the power output of the tidal project. Pool slopes
would be the greatest during the periods when the pool levels are
changing most rapidly. These periods are when the upper pool of
the selected two-pool project is being filled by the gates at Letite
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Passage and Deer Island Point and when the lower pool is being
emptied by the gates at Pope Island, Comparison of the Eastport,

- Maine,and Letite, New Brunswick, gages with that at St, Andrews,
. New Brunswi.ck, indicated that slopes in the upper pool would be

negligible. The water aurfaco near Falls Island in the Cobscook
Bay area of the lower podlwas found by Cooper to have a consid-
erabls slope which would :influence powsr outputs.

be Cooper's Studies. In December 1927, Dexter P, Cooper
had a series of s eous gage readings taken during a spring
tide in the lower pool area (Cobscoock Bay) in order to evaluate the
effect of slopes on power production, FPlate 3-25 indicates the
locations of these observations,and shows them plotted against .
tie, Instantaneous differences of as much as 7 feet were ob-
served within the pool area,. A detail msp and a table-of flow
areas,on this plate,indicate the locations where most of the -
vater surface slope oscurs, (Also shown on plate 3-25 ave obser-
vations made in.July 1929 during & neap tide in the same erea,
Tide differences.were about 3 feet.) Using the 1927 observations,
studies dated'July 1928 were made assuning Cobscook Bay emptied by
thirty-five 30-by30-foot venturi gates. Apparently a plen with
alternate discharge to the ocemn was being studied since no inflow
to the lower pool wis indicated, that flow being discharged directly
46 the ocean during the limited period of the tidal oycle being
studied, The starting elevations of the lower pool and the ocean
for the study were L9 feet, and ocean low tide was 9.4 feet.
Final elewation of tle lower pool; about 1.5 hours after gate
@losure, wed =7,7 feet. Assuming the lower pool level, the finsl
low pool elevation was <8,8 feet, The difference, 1.1 feet, was
the loss. attribqta.ble 40 pool slopes. - - Instantaneous profiles ift’
Cooper's files indicated that nearly all of the water level drop
was in.the Falls Island area. In view of the large effect of the
constrietion, Goopar made & study of an improvement at the constric.
tion involving a channel 600 feet wide and 3000 feet long with the
bottom at el. -h5. Using this channel, and assuming an average
tidp,. routing was ‘carried out for the pool emptying cycle, assuming
it to start at el. 2ifk.. With no inflow to the lower pool, 46
emptying gates, and £ll of the pool slops concentrated in the Falls
Island ares, & maximum difference in water level over the length

of the improvement was found to be Q.bs foot, and negligible at the
time of gate closure, ' .
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¢, Analysis Made in 1958, Studies were undertaken to
determine the effect of the constriction in the Falls Island
area on the power which could be developed by the currently pro-
posed tidal power project, and to determine whether channel
improvements would be justified. The currently proposed tidal
power project would have a considerably larger lower pool area
than considered by Coopers This factor tends to reduce the
adverse effect of the Falls Island constrictim. The analysis
as 1t directly pertains to power is made in appendix 13, "Project
Power." The analysis which follows pertains to reducing tidal
cbservations to hydrawlic equations to facilitate the studies of
the effect on power. The equation sought was for the discharge
through. the opening commecting Cobscook Bay with Dennys and
Whiting Bays. The usual equation for & contracted opening is

Q = Ca Y 2gh

Where Q is the discharge, C is a coefficient, a is the area of

the minimum crous sectiony g 1s the acceleration of gravity, and
h is the difference in water levels, In this case, the area was
not known, and 2g was & constant; so the equation was simplified
to the form of Q = ¢ h where Q is the rate of flow in c.fssSsy

C is a factor which includes the area of the chamnmnel; acceleration
of gravity and the discharge coefficient, and h is the level of
Cobscook Bay minus that of Denmys and Whiting Bays, When Dennys
and Whiting Bays are higher than Cobscook Bay, different conditions
could prevall, so a separate analysis was made for this reverse
flow condition,

The elevation for Cobscook Bay was assumed to be the same as
that for East Bay, On the basis of data in the 1958 tTide Tables,®
U.S. Coast and Geodetic Survey, tide curves for East Bay were devel-
oped from the observed marigram of the Eastport gage.. A time
difference of 15 minutes and & ratio of ranges of 19.1 to 18,2
feet were used, Simultanecus tide curves were plotted for two
cycles of neap tides and two cycles of spring tides, The first
cycle is shown on plate 3-26, (figures 1 and 2). Scaled from these
curves were the heads as previously described.. These were plotted-
as head curves as shown on figures 1 and 2,‘p1a.te 3-26, The discharge
curves shown on these figures were estimated by noting the stage in
Dennys snd Whiting Bays at numerocus times during the tide cycle.. The
volume of water in storage corresponding to these stages was then de-
termined from the curve shown on figure 5, plate 3-26, The change in
volume in cubic feet, divided by the time interval in seconds, ylelded
the average discharge during the time interval, This value was plotted
at the mid-point of the time interval under consideration. Connecting
the points yielded the cited discharge curve. Values of Q" and “h!
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were read from these two curves at 15 minute intervals, omitting
periods when acceleration was large, from which values for HCH .
were computed. The values for "C% were plotted for different water
heights of the bay into which the water was flowing for the two
flow directions under consideration, The results are shown on
figures 3 and 4, plate 3-26. '

3-10 CHANGES IN SEA LEVEL

a., General. Mean sea level at any place is determined by
averaging observed hourly tide heights over an extended period of
time, Mean tide level or helf-tide level is the mean of the high
and low tide elevations. It would be the same as mean sea level
if the tide curve was purely simusocidal. Over & period of a year
or more the difference between mean tide level and mean sea level
at a given location is nearly constant.

bs Trend of Sea Level. A gradusl rise in sea level has been
noted throughout the worlds Special publication No, 135, "Tidal
Datum Planes," U,S, Coast and Geodetic Survey, gives data om changes
in sea level along the coasts of North America, Plate 3-27 is copied
from that publication and illustrates the trend along the Atlantic
Coast. Added to the plate are points representing annual mean tide
level for the Eastport gage. These points show a trend similar to
that of the rest of the Atlantic Coast. Sea level appears to have
been rising at an accelerated rate since 1930+ The rate of rise of
half-tide elevation at Eastport was about 0,76 foot per century com-
puted on the basis of the 1Ow-year means, 1930-39 apd 1910=419,

¢, Probable Future C es in Sea Level., This matter was -
referred to the Commttes on ﬁﬁﬁ Hydraulics, U.S. Corps of Engineers,

Department of the Army, and their answer is sunmarized ag follows:

Numerous hypotheses have been proposad by earth gcientists in
explanation of the rise in sea level, but none has been validated nor
supported by physicel data to an extent which would permit an accurate
prediction of the sea level change during the next century, During the
short period of record for which accurate tidal-dats are available on
the North American continent, the rate of sea level rise is indicated
to be accelerating, While the data are insufficient to justify statis-
tical analysis, the following assumptions are believed to be appropriate

for plamming purposes:
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(1) During the next 50 years mean ses level will
probably rise not less than 0,5 foot fnor more than 1,5
feet above the present (194858) mean.

(2) Over a 100-year period the extemt of rise is
unlikely to be less than 1. foot and nay be as mach
as 3 fest,

3-11 EFFECT OF THE TIDAL PROJECT ON TIDES

a. General, A comparison of the average tide ranges (plate 3-1)
of ghore areas open to the ocesn with those at the head of the Bay
of Fundy, which are as high as l1.6 feet, indicates that the tides
are strongly influenced by the resonance of the Gulf of Maine - Bay
of Fundy system, Construction of the proposed tidal power project
would change this system by changing the tliming and amount of flow
into and out of Passamaquoddy and Cobscook Bsys, Such a change could
conceivably change the tides in the Bay of Fundy, and at the tidal
project itself, thus affecting the amount of power it could generate,

b, Effect on Regionel Tides. A study of the effect of the
proposed tidal project on Bay of Fundy tides was undertaken by -
Arthur T, Ippen and Donald R. P. Harleman, Consulting Engineers,
Massachusetts Institute of Technology, Cambridge, Magsachusetts,
The report on their studies. (unpublished) indicates that the tidal
system in the Bay of Fundy is not highly. resonant. The Bay of Fundy,
cloged at one.end and open to the ocean at the other.end; forms.a
damped co-oscillating system. The phase change of this system
was found to be 68 degrees and the amplification of tides 2,5 times,
while & phase shift of 90 degrees and infinite amplitudes at the head
of the basin would represent perfect resonance., The system with a
68-degree phase shift was found relatively insensitive to disturbances.
The tidsl project would change peak lateral flow from 1.25 percent
of the longitudinsgl Bay of Fundy flow to 0,70 percent for inflow and -
0,45 percent for outflow. The change would be a decrease in the system
loading and thus would operate toward slightly increasing tide ranges.
‘It is doubtful that any changes at all could be detected in visw of
the small size of the flow modifica‘bionao
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ce Effect on Local Tides. Narragansett Bay located on
the coast of Rhode Lsland is & bay system 30 miles long in the
northesouth direction and 15 miles in an east-west direction,
and having a total area of about 1450 square miles, Hurricanes of
recent years have induced wind-driven tides which have caused loss
of life and property in the cities and towms adjoining the bay,.
The Corps of Engineers, U.,S. Army, has made extensive studies; in-
cluding hydramlic model experiments, of providing protection from
these hurricane tides. The plans of protection tested in thé model
included barriers placed. across the bay at various locations. The
mesn tide range in the bay is about 4.1 feet, and the hurricane tides
have reached as high as 18 feet above mean low water., The barriers
had no significant effect on normal tides, but a bulld-up of about
half a foot on the hurricane tide was observed at the model barrier
if it was located near the bgy entrance. The build-up was nearly
2 feet when the model barrier was about halfway up the bay; the
build-up decreased as the barrier was placed farther up the bay,
reaching zero with the barrier at the head of the bay, :

The foregoing suggests that similar effects might be expected
at the tidal power project barriers., The question is considered
to be one more local in nature than that analysed by Drs. Ippen
and Harleman in the studies referred to in the previous paragraph.
The barriers could presumably lower the low tide level as well,
The combined effect would be to increase tide range which, in-
turn, would increase power production of the tidal project. Re-
peated examination of the problem, however, has failed to. develop
a method of computation which would prove conclusively the existence
of this effect, For this reason, the procedure adopted early
during the survey of computing power on the basis of the Eastport
gage has been retained. If the tidal power project is aunthorized
for constructiony this factor should be examined by testing the
entire project with a hydraulic model,

3«12 OBSERVATION OF TIDAL CURRENTS,

a, General, Because of the extreme tides in the project
area, strong tidal currents prevail particularly in the more
restricted passages. One of these is the Falls Island area already
deseribed. There, however, velocities, per se, do not influence
the tidal project; it is the head losses which would reduce the
energy which might be developed. Existing velocities do influence
the construction of the project; but the most eritical velocities
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would be those which would prevail after a corigiderable portion of
the project i1s completed, and which would be quite different from
- those prevailing under natural conditions. These can only be
evaluated by hydraulic computations or model studies, Velocities
prevaliling under existing conditions are of less significance, and
consequently only limited observations have been made.

. b, U. S, Coast & Geodetic Survey Observations. The U.S..

Coast and Geodetic Survey has made a few current observations at
the site of the proposed development at the locations indicated
on plate 3-28,

¢o Cocper's Observations. In 1927 Dexter P, Cooper; Inc.y
made current observations in the channel between Race Point and
Ruth Point in order to estimate the division of flow around Falls
Island. The location is indicated on plate 3-28,

do 1935 Obgervations, In 1935 the UoS,.Corps of Engineers
made current observations along the centerlines of dams being
considered at that time from Estes Head to Treat Island; Treat
Island to Dudley Islandy; and Dudley Island to Lubec,

©. Recent Observations for the Survey. In February of 1957
velocity measurements were made by the Eastport field office at
8 sites, in the vieinity of the proposed dams; as shown on plate
3.28. The observations were made for use in connection with the
design and anchorage of the deep water drilling equipment. Two
current velocity meters were used to make continuous measurement
for varying depths at each slte, For each site the results were
plotted graphically together with the vertical velocity profiles
and the curve of the predicted tide at Eastport, Maine. The field
notes indicate considerable turbulence in the tidal currents, however
the plotted graphs show the magnitude of the velocity to be falrly
wniform from surface to bottom, Data pertaining to these velocity
measurements are summarized in table 3.6,

f. Recent Observations by Canada. In 1957 the Bureau of
Fisheries made current observations at 16 locations at the project
site. The locations are shown on plate 3-28., A copy of the data
i3 in the files of the Survey.
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3=13 SUMMARY,

The studies described in the previous paragraphs are
sunmmarized as follows.

a. Observed tide ranges at Bastport averaged 18,10 feet
and vary from 1l.3 feet to 25,7 feet.

b. Observed monthly mean tide ranges show less variation,
the smallest being 17»10 feety; and the largest 19,01 feet.,

co Observed annual mean tide ranges show 8till less
variation, the smallest being 17,52 feet and the largest
18 52 feet,

d, Obsérved 19-year mean tide ranges vary from 18,;06 feet
to 18,1l feet,

e, Individual tide ranges vary considerably from predicted
values. In a year when the predicted and observed mean ranges
were nearly equal, 5 perkent of the observed tide ranges were
less than the predicted by more than 0.97 foot; and 5 percent
of the observed tide ranges exceeded the predicted by more than
0,88 foot. These variations are principally the result of non-
cyclical factors such as wind and barometric pressure,

f. Observed monthly mean tide ranges average about 0,3
foot greater than the predicted..

go Observed monthly mean tide ranges agree with predicted
monthly mean tide ranges somewhat more closely than individual
obgerved and predicted tide ranges. -

he Agreement between predicted mean annual tide range and
the cbserved is close for years for which a large mean annual range -
is predicted. For years when a small mean annual range is predicted,
the observed is usually greater than the mean predicted tide range.

4, Annual mean tide ranges can be predicted accurately for

many years shead from the mean observed tide range and published
factors depending on the longitude of the moon's node,
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J: Both high and low tide levels tend to be raised by
winds, but no systematic correlation was found with the wind
observed at Eastport.

k, The most striking effect of wind occurred on 8 January
1958, when the wind from the southeast averaging 30 miles an howr
for 6 hours raised low tide by L feet and high tide by only 1 foot,
At another time the wind raised high tide more than low tide.,

l. The tides at the filling and emptying gate locations
are very nearly the same as at Eastport, and consequently no
correction to the Eastport gage records is needed in computing
project power.

m, Significant slopes would cccur in the tidal project
pools only in the Falls Island area of Cobscook Bay in the lower
pool, Coefficients were computed which permit computation of the
effect on power production.

n, A gradval rise in the level of the ocean appears to be
taking place. The rate appears to be too slow to affect the
design elevation of the tidal project components,

0o The tidal project would tend to slightly inerease
local tide ranges, but the amount of this change would probably
be so small that it could not be detected,

P. The tidal projéet might increase the tide levels at
the barriers, Since this has not been proved conclusively, no
allowance has been made in the tides used in computing project
power, o :

d. Tidal velocities now prevailing in the project area

have been measured at 8 locations, More critical velocities will,
however, prevail during project construction,
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TABLE 3.1
TIDAL DIFFERENCES AND OTHER CONSTANTS

Data from "Tide Tables, East Coast of North and South America, 1958" by U. 5. Coast and Geodetic Survey
2 3 :

: : POSTTION . DIFFERENCES ., RANGES s
. ?7
Key 1/ = PLACE : Iat. : Tong. Time 2 Height'-—[ : Mean : Spring : Mean 2/
You : : : : High 1 Low sHigh : Low : . Tide ™
: : : : Water : Water :Water :Water . . Level
: :Deg, Min.:Deg, ¥in.:Ar, Min.:Ar., Min.:feet :leet ; feet : Teet : feet
 NEW BRUNSWICK, BAY OF FUNDY : N ° W, | on EASTPORT i : : :
: : ) o . Time meridam, 75° W, : : :
19 Welshpool, Campobello Island Ly 53 66 57 0 012 -0 o4 +0.1 0.0 18.3 21.2 9.1
3 St. Andrews, Passamaquoddy Bay 45 Ok 67 03 0 082 +0 o4 +1.0 0.0 19,2 21,9 9.6
2 Midjik Bluff, Passamaquoddy Bay L5 07 66 5 40 122 40 07* 4l 0.0 19.3 22,0 9.6
MATNE
1 Eastport W sk 66 89 Daily predictions : 18.2 20.7 9.1
5 Gleason Cove, Western Passage Lh 58 67 03 40 08 +0 07 +0.2 0.0 18.4 20.9 9.2
St. Croix River :
6 Robbinston W5 05 67 06 40 09 40 09 +L0 0.0 19,2 21.8 9.6
7 St. Croix Island b5 08 67 08 +0 10 +0 12 +1.h 0.0 19.6 22.3 9.8
8 The Ledge, New Brunswick b5 10 67 12 +0 17 +0 20° +1.8 0.0  20.0 22,8 10,0
9

Calais LS 11 67 17 +0 31 +0° 34  +1.8 0.0 20,0 22,8 10,0

Cobscook Bay
10 ep Cove, Moose Island Ol +0. 08 +0 09 +0.%5 0.0 18.7 2.3 9.3
11 East Bay L 56 67 07 40 14 +0 16  40.9 0.0 1%9.1 21.8 9.5

E
P
o
-3

i Coffin Point Ll S2 67 07 +0 33 +0 38  +0.1 0.0 18.3 20.8 9.1
16 Bireh Islands Ll 52 67 09 +1 05 1 17 =0.6 0.0 17.6 20.0 8.8
12 Horan Head, South Bay Lk 52 67 Oh +0 18 +0 21  +1.0 0.0 19.2 21.9 9.6

West Quoddy Ll b9 66 59 -0 09 -0 15’ -2,5 0.0 15,7 17,9 7.8

1/ Key mumbers refer to locations sShown on plate 3-3.
_¢/ Heights are referred to mean low water, the datum of scundings on Coast and Geodetic Survey charts.
8 PFor 60° W. meridian time add one hour to the predictions obtained using these differences.
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MEAN OBSERVED TIDE RANGE AT EASTPORT, MATNE

TABLE 3=-2

(Observed monthly, anmual, and 19-year mean tide ranges, in feet, from records of the
7.5, Coast and Geodetic Survey)

—

( Record incomplete -~ predicted tides used.

1 1 1 kB L | t t ' t t [] ?
Year ' Jan. ' Feb, ' Mar, ' Apr, ' Msy ' June ' July ' Aug, ' Sept.' Oct. ' Nov. ' Dec, Mean
1930 17.30 17.37 17.60 17.67 17.69 17.77 18.05 17.79 17.h9 17.22 17.16 17.10 17.52
1931 7.1 17.%6 18.04 18,30 18.20 17.79 17.78 17.73 17.k% 17.30 17.28 17.L2 17.6%
1932 17.56 17.48 17.65 17.81 17.67 17.L7 17.39 17.5¢ 18,22 18,24 17.79 17.81 17.72
1933 17.35 17.78 17.52 17.68 17.60 17.87 17.96 18.18 18.23 18,16 17.60 17.33 17.77
193k 17.29 17.3 17.85 17,8 18,05 18,07 18,22 17,77 17.60 17.17 17.34 17,12 17.6hL
1935 17.48 17.90 17.91 18.22 18,15 17.8 17.91 17.92 17.86 17.72 17.70 17.95 17.88
1936 17.95 18,09 17,97 18.ch 17.¢0 17.92 17.87 18,12 18,66 18.95 18,28 18.32 18,17
1937 17.h 18,07 18.16 18,07 18.03 18.20 18,41 18. E? 18.bk  18.37 18.05 17.90 18.17
1938 17.9% 18,09 18.25 18.21 18,50 18,55 18,80 18.,L2 18.28 17,91 17.91 17.95 18.24
1939 18.07 18.50 18.43 18,55 18.%9 18,50 18,36 18,33 18.32 18.23 18,19 18,67 18,39
1950 18.60 18.70 18.48+ 18.h41* 18.10% 18.h2 18,30 18.k6 18,95 19.01 18.50 18,38 18,52
19k1 18.28 18,32 18.28 18.18 18.2r 18.47 18.7k 18.63 18.4k8 18.39 18,15 17.97 18.3k
1942 17.¢5 18.07 18,63 18.47 18,83 18.61 18.86 18.60 18.47 17.96 17.98 18,03 18.37
19h3 18.26 18.63 18.67 18.71 '18.67 18.h7 18.3% 18.35 18.hk 18,hc 18,30 18,19 18,k5
1941 18.45 18.30 18.29 18.25 17.92 17.99 18.07 18.26 18.68 18.73 18.h2 18.L7 18.32
1945 18,22 18,16 18,23 17.9% 18,07 18,12 18,55 18,20 17.67 17.96 17.58 18.07 18.06
1946 17.82 17.87 18,10 18.18 18,58 18,35 18,33 18,24 17.89 17.52 17.52 17.61 18.00
1947 17.89 18,18 18,22 18,11r 18,16 18.03 17.8 17.76% 17.87 17.78 17.83 18,00 17.97
1948 18,19 18,13 17.97 17.62 17.51 17.73 17.70 17.85  18.0h 18,08 17.74 17.48 17.8L
19L9 17,51  17.38 17.65 17.6¢ 17.60 17.80 18.01 17.92 17.8t 17.L8 17.53 17.22 17.63
1950 17.15 17.3% 17.64 18.15 18.31 17.96 18.03 18.01 18.10 17.69 17.56 17.6h 17.80
1951 17.85 18,08 18,05 18.08 18,07 18.02 17.69 17.65 17.71 17.91 17.66 18.07 17.90
1952 18,22 17.9k 18,22 17.93 17.60 17.92 17.86 17.80 18.03 18.02 17.93 17,69 17.93
1953 17.67 17.76 17.88 18,03 18.02 18.11 18.38 18,21 18,42 17.9¢ 17.98 17.70 18.00
- 195k i7.52 17.91 17.8 18.27 18,51 18.29 18.25 18,03 18,52 18.1k 18.08 18.28 18,1k
1955 -18.27 18.hk9 18.18 18,60 18.32 18,35 18,12 18.23 18.28 18,38 18,34 18.6L 18,35
1956 18,81 18,37 18.39 18.26 17.97 18,27 18.51 18,56 18.4e 18,60 18,30 18,10 18.39
19~year means:
193048 17.89 18.03 18,12 18,12 18,13 18,12 18,18 18.13 18.16 18.06 17.86 17.88 18.06
1938-56 18.03 18,12 18,18 18,19 18,19 18,22 18,25 18,18 18,23 18.11 17.97 18,01 18.14
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(Mean tide ranges, in feet, computed from published tide predictions of the U.S, Coast

MEAN RANGE OF PREDICTED TIDES AT EASTPORT ; MATNE

TABLE 3-3

and Cecdetic Survey)

1

1

1

1

1

’ - ]
Aug. ' Sept.t

Nove ' Dec, ! Mean

Year ' Jan. ! Febe ! Mar. ' Apre ! May t June ' July ¢ Octe ¢

1930 17,07  17.12 17,26 17,17 17.2h 17,30 17.55 17,36 17.15 16,88 16,93 16.86 17,16
1931 16,92 17,19 17622 17,50 I7.h5 17,00 16.9h 17,07 16.99 I7.03 17,01 17,09 17,12
1932 17623 17638  1T.1h 17022 17.03 16,84 16,68 17,05 17.3h 17.39 17442 17.26 17,17
1933 1726 17,18 17,09 17,03 16,99 17.28 17.32 17,26 17.40 17.L8 17,32 17,13 17,23
193} 17,09 17,23 1T7.2h 17.23 17.32 17.h2 17.67 17.L6 17,15 16,83 16,95 16,98 17.21
1935 17.30 1762 1767 17.7h  17.64  17.25 317.2L 17,48  17.48  17.36  17.31 17.hli  17.hé
1936 17,67  17.68 17,57 17.52 17,26 17,18 17,05 17.5h 17.86 18,05 17,76 17.71 17.57
1937 17.77 17,75  17.72 17.77 17.76 18,02 18,11 18,01 17,99 18,02 17,93 17.78  17.89
1938 18,01 17,99 18,07 18,29 18,39 18,46 18.66 18,58 18,08 17.81 17.76 18,08 18,18
1939 18.h5 18,77 18,67 18.7h 18,68 18,43 18,35 18.h6 18,53 18,h7 18.L7 18,6 18,56
1940 18:7h 18,70 18,48 18.L1 18,20 18,12 18,08 18.L0 18,79 19.13 18.89 18.56 18,5h
i9h1 18,36 18,37 18.h2 18.h0 . 18.35 18,51 18.65 18,62 18,61 18.62 18,55 18.30 18,L8
1942 18,30 18,36 18,49 18,71 18,99 18,76 18.61 18,61 18,37 18,12 18,33 18,39 18,50
1943 18,43 18,59 18,43 18.h9 18,48 18,29 18,17 18,26 18,35 18.39 18.36 18,54 18.L0
19hh 18,13 18,10 17,87 17.68 17.45 17,51 17,46  17.76 18,11 18,52 18,17 17.95 17,89
1945 17,50 17,58 17,70 17,71 17.57 17,71 18,01 17.91 17.80 17.80 17.77 17.48 17.71
19L6 17,18 17635 17,50 17,79 18,06 17,72 17,69 17,58 17.hlt  17.32  17.31  17.3h 17,52
1947 17,48 17,50 17.h5 17655 17055 17039 17052 17,57 17.67 17.76 17,67 17.75 17.57
1948 17,80 17,71  17.61 17,30 17035 17.h6 17.26 17,0k 17,48 17,72 17.37 17,15 1iT.uh
1949 16,93 17,07 17,15 17,11 16,91 17,02 17.37 17.35 17.23 17,06 17,03 16.7h 17,08
1950 16,68 16,97 17.10 17,43  17.6h 17.23 17.16 17.16 17.02 16,81 16,88 17.01 17,09
1951 17,39 17,50 17,33 17636 17,35 17,20 16,96 17,09 17,28 17,46 17,31 17.77 17,33
1952 17,50 17,25 17,07 16.78 16,61 16.8L 16,92 17.06 17,32 17.52 17,19 16.95 17,08
1953 17,15 17,30  17.38 17,28 17.16 17,26 17.68 17.6L 17.43 17,20 17,12 16,90 17,29
195) 17,12 17,56  17.5h  17.86 17,99 17.62 17.60 17,56 17,50 17.3Lh 17,38 17,51 17.55
1955 17,98  18,0h 17,90 17,85 17.83 17,73 17.43 17,59 17.70 18,03 17,98 18,20 17.86
1956 18,38 18,02 17.91 17.65 17.51 17,88 17,99 18,15 18,25 18,05 17.8L

17.77

17,96



TABIE 3l
TIME AND HEIGHT OF HIGH AND IOW WATER

Eastport tide gage

Yorth Msrch Yemr 1957 Tme 75° W (e.s.t.) Datum mean sea level 1929
Gage Locstion Beerdseleys Wharf, Eastport, Maine, U.S.4,
Controiling B.M, Todd (1957) El. Lh.218 ft. m.e.1, Zero of reference gage - 11.70 £%. m.s.1.
. HIGH IOW - HIGH oW :; HIGH oW ::.. HIGH oW
B ttne 5. tme ft. | O time  fh, tiwe £t | © time ft. bt £t | time  f5. bime  fh.
1 10:k1 10,1 b3l -8.3} 9 03:30 9.9 10:05 - 6,7)17 11:32 12,3 05:33 <12.1 {25 06:21 7.3 00:10 6,9
23:08 9.3 17:07 =T7.6 16:08 8,9 22:35 - 6.0 - - 18:00 ~11.9 19:03 7.1 12:h8 =T.k

2 11:20 9.4 5119 «8.,2 |10 0h:29 9.5 11:07 - 7.2]18 00:03 12.5 06:27 -12.1126 07:23 7.5 01323 =4.8
23:42 9.7 17:k1 =9.2 17:11 8.2 23:33 - 7.2 12:35 1L.6 18:47 =11.3 20:00 T7.h 13:53 7.5

3 11:5 10.0 6:00 -8.5{11 05:38 8,9 12:06 =~ 8,2}19 00:58 11.8 07:10 =11.5]27 08:21 2.8 02:27 7.3
- - 18:20 9.1 18:23 8,5 - - 13:13 10,k 19:25 -10.3 20:39 7.7 14:50 7.7

1" L 00:05 9.k 06:37 =9.5{12 06:53 10,0 00:37 = T.b}20 01:27 11.0 07:56 «10.2 |28 08:51 8.3 03:00 =7.9
] 12:31 9.0 18:h8 9.3 1952k 9.6 13:10 - B.6 13:50 10.1 20:18 « 8.2 21:17 8.4 15:15 -8.h
5 00:h3 9.0 07:05 =%.1{13 07:52 10.8 01:39 = 8.8]21 02:13 10.8 08:49 « 8.8[29 09:35 9.1 03:31 -8.1
12:5L 8.0 19:11 «S.L 20:18 10.4 1k:16 -10.1 13 8.7 21:09 - 8.3 21:55 9.2 15:48 «8,5
6 0l:19 8,5 07:38 -8,8 1 08:45 11.3 02:46 -10.5{22 03:11 9.2 09:40 - 8.3]/30 10:17 9.3 ohsih -8.9
13:hk 8.1 19:48 8.6 21:11 1.1 15:1k ~11.5 15:k0 8.3 22:00 - 7.2 22:23 9.5 16:27 -8.8
7 01:54 8,9 08:15 =8,7[15 09:41 11.8 03:5h «11.6]23 oh:12 8.8 10:35 « 7.6 |31 10:43 9.2 Ob:h6 9.k
2k 7.9 20:32 -8.2 22:09 11.¢ 16316 =12.1 16:kh 7.5 22:55 < 6.7 22:53 9,8 17:0L ~9.k
8 02:35 8.6 09:00 -8,1[16 10:32 12,k o0h:38 -12.0| 24 05:17 81 11:h3 - 7.1} 1
15:07 7.9 21:26 -6.9_ 23:03 12,8 17:0h ~1L.9 17:45 7.1 = -

Tabulated by _ J.F.C. Date 6/12/57  Checked by _ E.A.W.  Date _7/2L/57
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TABLE 3-5

TIDAL DIFFERENCES
(Compared with Bastport Gage)

Datum = Maan sea lewvel of 1929

Plaee ' Time t Height ' 1
and t in mnutes f  in feet . * Range tHalf=tide
Month tHigh Low YHigh Y Low Yin feet ' level
Water tWatar Water Water 1 v in feet
Letite, N, B.
Mareh 1957 . -3 «5 +),12 +0,18 0,06 +0,15
April «] -5 - 02 + .12 « o1} + .08
May -1 <l -0 +,15 - 16 + 07
June 0 [+ + ,02 + ,17 = +15 + ,10
July +1 -l - J01 + 18 - +19 + .08
August 0 -2 + .09 + 18 - 09 + .13
Saptember | =4 = 07 + ,17 - o2k + 405
Octobar +2 -1 - 02 + . - J16 + 06
Nmﬁbﬁr +ll "1 ' + ooh + .18 - .lh + .11
Decenber +3 o + ,01 + ,12 s | + 06
January 1958 -1 -5 00 + .2 =21 + ,10
February +1 -2 + 07 + ,27 = 20 + ,17
March 2 -2 -y + 012 - 20 + 02
Meon 0 =3 0,01 *0.17 008 0,05
Wilson Beach, N. B,
March 1957 -1 «30 =0,18 +0,03 0,21 =0,08
April -2 =10 - 223 +00 - 423 - ol2
May +3 -6 = .13 + .12 - #25 ©
J‘m +2 - 6 - .10 + .10 - .20 .00
July +2 =10 -1l + 09 - o20 - 01
August 0 -TIJ. - 002 + 018 - 020 + .08 '
September .0 «10 = 17 + .10 ~ 427 - o0l
October +3 -8 - 410 + .13 - o23 + 02
Noverber +2 =10 - ok + 10 - o2k - 02
December +3 -9 - w0l + 425 - 29 + .10
January 1958 +) =7 - 413 + ,19 - 432 + .03
February +5 “8 - 08 + .2h - ¥32 + ,08
March 2 :_1_8_ - 06 + .19 - 425 + ,06
Mean +2 - 9 =011 +0,13 -0025 +0,01
F’airhavan, Ne Be
March 1957 +5 * +0,0k =04k +0,48 «0,20
Aprid +3 +3 : had .-0!8 - ohs * ol-ll - .21&
May +1 4 + .09 - 429 + .38 - .10
June + h +5 + QM - . + th - .15
July + h +5 * 011 - 029 + ollo - 009
Augﬂﬂt + 5 "’5 + olll - '30 + thh - 038
Septenber * 5 +3 + 403 - 32 + 035 - olh
Ootobher + 9 + + .% - o320 + .36 - .13
Novenber +10 +5 +.m - . + .37 = W15
Decenboy +7 +5 + 04 - 429 + W33 - .13
January 1958 +8 +3 - 01 - $32 + 31 - 18
Febmary + 6 +7 - 9 - .18 + .22 - .07
Haroh + h "'2 + '07 - 021 + ’28 - .0?
Haan '.'—g g "'0005 (3,31 "‘0037 0,13
St. Am N. Bo
March 1957 6 +8 +0.35 047 +0,82 “0.06
April 5 +06 + 22 - 56 + 88 - 422
Hﬂ'f "'5 '.'6 + 036 - .50 + 086 . - 607
June +7 + + .28 = 59 + .47 - ,16
J“Iy *'8 "'9 + .28 - e + 085 - .111
August :I_ :1 + .31 - o56 + .87 = l2
Mean +% +8

0,30 «0o56 40,8 -0,13



TAHIE 3-6

SUMMARY (OF m.ocm OBSERVATIONS
BI EASS!EQUO]JDI SEIBVEI IN FEBHUARY 1957

¥ T Mozt 7 Sounded ' Tide Hange | .
Site 1. v S ' weloeity, ' depth, ' infeet, ' Results of
oAt Datet THwe _Location 3 fbefsec, t  fest ! (Ebs‘bport-) ! sheervatiom
1 2 Feb 0800 = 1130 Western Passage 5.3 " ng 17,8 Poor
1 20Feb 1030 -2130 ~  Western Passage 5.0 s 17.h Excellent
2 L Eeb 130195  Eastport Sa 100 16,8 Very Good -
2 5 Feb 1W5 - 208 Eastport g2 ohg 16.3 Very Good
3 7 Feb 1015 - 12h5 Pope Islet 2,9 180 1k.h Very Pear
t 3 21 Feb OL1S - I700 Pope Tslet 3.8 180 17.0 Very Good
® b 8Feb 1215 - 22 Pope TIslst 2.8 195 13,7 Exvellent
5 9 Feb 1110 - 1800 Fope Islet 2.6 s 15,0 Good -
6 11 Feb 0130 - ;Gh's Lubec Narrows he7 16 17.7 Poor
6 12'Fe;b' 06h5 = 3330 Jubec Haxrows 7.k Ls 20,5 Very Good
7 1h Feb 1119 - 225 Little letite Passage 5.5 0 2het Good
8 18 Feb 1400 - - 0120. _I-etite Passage 949 6 23,0 Excellent
-ﬂ-fecatiohhs- are shm on Elate 3-58.
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IN FEET MS.L. DATUM

ELEVATION
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FIGURE 2 — TIDE

RANGE OCCURRENCE CURVE
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RANGE

PERCENT OF OCCURRENCES HIGHER THAN INDICATED ELEVATION
FIGURE 3 — HIGH TIDE ELEVATION OCCURRENCE CURVE

E'OCCURRENCE CURVES ARE BASED ON I9-YEARS OF OBSERVED TIDES AT
EASTPORT, MAINE.

-]
PERCENT OF OCCURRENCES HIGHER THAN INDICATED ELEVATION

FIGURE 4- LOW TIDE ELEVATION OCCURRENCE CURVE
INTERNATIONAL JOINT COMMISSION
PASSAMAQUODDY TIDAL POWER SURVEY

TIDE RANGE AND HEIGHT
EASTPORT, MAINE

international Passamoquoddy Engineering Boaord

SEPTEMBER 1859 Dwg. No.1563-0%4

'3-34 PLATE 3-4




DIFFERENCE BETWEEN PREDICTED AND OBSERVED

IN FEET.

TIDE RANGES
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NOTE.

Curve is based on comparison of pradicted and observed tide ranges
for the year 1940.

INTERNATIONAL  JOINT  COMMISSION
PASSAMAQUQDDY TIDAL POWER SURVEY

INDIVIDUAL. TIDE RANGES
PREDICTED MINUS OBSERVED

EASTPORT, MAINE, 1940
International Passomaquoddy Engineering Board

SEPTEMBER 1959 Dwg. No.TG3-085
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DIFFERENCES BETWEEN PREDICTED AND OBSERVED MEAN TIDE RANGES IN FEET
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IRTERNATIONAL  JOINT COMMISSION
PASSAMAQUCDDY TIDAL POWER SURVEY
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international Poassomaquoddy Engineering Boerd
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DIFFERENCE,IN FEET

ANNUAL MEAN TIDE RANGE, IN FEET
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